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INTRODUCTION 
The mass of ruminai microorganisms that are normal in­
habitants of the reticulo-rumen have been ascribed many im­
portant nutritional functions that aid ruminant animals in the 
utilization of ingested feedstuffs. Degradation of cellulose 
into useful carbohydrate components, production of adequate 
quantities of the water soluble vitamins, utilization of non­
protein nitrogen and production of volatile fatty acids are 
established roles of the microbial mass in the rumen. Since 
ingested feedstuffs are initially subjected to microbial at­
tack, nutritional requirements of rumen microorganisms is an 
important consideration for development of rations for ruminant 
animals. The importance of the microorganisms to the host 
animal emphasizes the need for continued investigations in 
order that the present research findings may be extended to 
give a more complete and coherent knowledge of the microbial 
processes and how they affect ruminant nutrition. 
Research concerning the significance of rumen micro­
organisms has been reported using both ^  vivo and in vitro 
experiments. As a result of these studies practical cattle 
and sheep rations have been formulated to meet the require­
ments of the host animals as well as the microbial mass within 
the reticulo-rumen. In vitro mixed culture fermentation tech­
niques have been widely used to obtain knowledge of the nutri­
tional requirements of the microbial population. The early 
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studies using rumen fluid as the inoculum were later changed 
by washing the bacterial preparation before suspending the 
organisms in chemically sfined media. In the washing process 
essentially all protozoa were removed by centrifugation. In 
these vitro studies, metabolic activity which is generally 
assessed by measuring cellulose digestion and volatile fatty 
acid production was therefore limited to the bacteria. Pure 
culture techniques also have been developed to study the 
viable bacteria present in the rumen, to classify the rumen 
microbial population and to study the nutritional require­
ments for individual species. Valuable taxonomic and bio­
chemical data have been obtained from these studies, and an 
increasing volume of literature concerning pure culture 
studies has been reported over the last decade. Most of the 
laboratory experiments have been concentrated on the rumen 
bacteria with less emphasis being placed upon the ciliate 
protozoa that normally inhabit the reticulo-rumen. 
Research reported from animal trials, mixed bacterial 
fermentations and pure culture studies has suggested that 
interrelationships between bacteria and protozoa present in 
the reticulo-rumen do exist. The ecology of these relation­
ships are at the present time poorly understood. The objec­
tives of this study were to study the interrelationships be­
tween rumen ciliate protozoa and bacteria with vitro ex­
periments involving cellulose digestion, volatile fatty acid 
production and enumeration of viable rumen bacteria as well 
as animal experiments involving digestibility and growth. 
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REVIEW OF LITERATURE 
One of the most striking features of ruminant animals 
is the mass of microorganisms that are harbored in the 
reticulo-rumen. Nutritionists have looked at the microbial 
mass as it affects the well being of the host animal while 
bacteriologists have studied in more detail the pure cultures 
of rumen microorganisms with special emphasis upon their 
taxonomy, nutrition and biochemistry. Thus two distinct ap­
proaches for studying rumen microbiology have evolved, one 
being microbiological and the other nutritional. Several ex­
cellent and extensive general reviews in the area have ap­
peared; as: Hungate (1950a), Doetsch and Robinson (1953), 
Briggs (1955), Oxford (1955a), (1955b), Bryant (1959), Hun­
gate (i960), Bryant (1963), Johnson (1963) and Hungate ejt al. 
(1964). In the present review, attention is given to litera­
ture related to the interrelationship between rumen bacteria 
and protozoa and how these relationships affect the well being 
of the host ruminant. 
Effect of Ruminai Protozoa upon Growth and 
Ration Digestibility by Ruminants 
Becker and Everett (1930) compared the growth rate of 
faunated and defaunated lambs receiving an 80 percent hay 
ration for 130 days and found no difference in growth rate; 
however, for the last week of the trial the lambs were al­
lowed all the grain they would consume, and for this period 
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the faunated lambs gained 1.05 pounds per day as compared 
to 0.7 pounds per day for the defaunated lambs. Pounden and 
Hibbs (1950) observed no differences in growth rate of faun­
ated and defaunated Jersey calves; however, they observed 
that defaunated calves were "pot-bellied" and had rougher 
appearing hair coats as compared to the faunated calves. 
Eadie (1962a) found no significant differences in weight gain, 
feed intake or general appearance between animals with and 
without ciliate protozoa. In contrast, Christiansen ejt al. 
(1965) and Abou Akkada and El-Shazly (1964) observed sig­
nificantly increased growth rates of faunated lambs as com­
pared with -iefaunated lambs. 
A comparative study of the effects of protozoa upon the 
digestion of proteins and carbohydrates in goats was reported 
by Becker ejt (1929a). No differences were found in ap­
parent digestibility coefficients for protein, ether extract, 
nitrogen free extract, crude fiber, hemicellulose, pentosans, 
alpha-cellulose and total dry matter in animals with or without 
rumen ciliate protozoa. Luther (1964) observed similar re­
sults when digestibility coefficients were compared from 
faunated and defaunated lambs which received three rations vary 
ing in concentrate to roughage ratios. 
The effect of the presence or "absence of ciliate pro­
tozoa in the reticulo-rumen upon volatile fatty acid produc­
tion has been reported by Christiansen et. âi» (1964), Luther 
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(1964) and Abou Akkada and El-Shazly (1964). The presence of 
ciliate protozoa increased total volatile fatty acid production, 
especially during the first four to six hours after feeding. 
These same workers also observed a significant increase in 
concentration of ruminai ammonia during this period. These 
findings suggest a faster rate of fermentation in the faunated 
reticulo-rumen. 
Abou Akkada and El-Shazly (1965) measured the effect of 
ciliate protozoa upon several blood components and nitrogen 
retention in lambs. Blood samples taken three hours after 
feeding were analyzed for blood reducing sugars, hemoglobin, 
protein nitrogen, non-protein nitrogen, ammonia nitrogen and 
urea nitrogen. They found faunated lambs had higher levels 
of blood hemoglobin and blood protein nitrogen, but lower 
levels of reducing sugars, ammonia nitrogen and urea nitrogen 
than those of defaunated lambs. Faunated lambs retained 51.2 
percent nitrogen compared with 400 percent nitrogen retention 
for defaunated lambs. 
Becker ^  (1929b) concluded from their studies that 
ciliate protozoa neither helped nor harmed the host animal 
and assigned the ciliate protozoal fraction a status of mere 
commensals. Research work reported since then has only par­
tially supported Becker's conclusions; therefore, the exact 
influence that ciliate protozoa exert on either the host animal 
or the ruminai bacteria is not clearly defined at the present. 
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The Relationship between Bacteria and 
Protozoa in the Reticulo-Rumen 
Appleby et (1956) attempted to demonstrate the 
presence of bacteria within ciliate protozoa and observed 
that Isotricha prostoma, Isotricha intestinalis and Dasytricha 
ruminatium which were fully motile prior to being fixed and 
stained did not harbor bacteria, however, Entodinium contained 
large numbers of Streptococcus bovis. It was concluded that 
intact viable bacteria did not appear to be vital for the life 
processes of rumen holotrich protozoa. By starving Dasytricha 
ruminatium from 48 to 72 hours, which decreased the quantity 
of stored amylopectin, Gutierrez and Hungate (1957) observed 
by use of phase contrast microscopy that Dasytricha ingested 
cocci from 0.5 to 0.8 microns in diameter. The ingested 
bacteria were then isolated, cultured and later fed to a bac­
terial free preparation of Dasytricha ruminatium. In an in 
vitro system the protozoa with bacteria divided frequently 
and remained alive for two weeks as compared to controls free 
of bacteria which died within 96 hours. It appeared that the 
holotrich rumen ciliates derive at least part of their nitro­
genous requirements from the ingestion of bacteria. Two years 
later Gutierrez and Davis (1959) reported that Entodinium and 
Diplodinium which had been starved from 48-72 hours ingested 
ruminai bacteria in large numbers. The amylolytic cocci en­
gulfed by Entodinium were identified as Streptococcus bovis. 
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Gutierrez (1958) isolated 14 strains of bacteria from 
Isotricha and Dasytricha, He disrupted starved protozoa, 
then isolated and identified the bacteria. 
Badie e;t (1959) suggested from microscopic observa­
tions of rumen contents from calves receiving a high concen­
trate diet, that the number of ciliates were inversely re­
lated to the number of Lactobacilli, which in turn were di­
rectly proportional to the levels of concentrates in the diet. 
Counts of Lactobacillus from a calf on a high concentrate diet 
averaged 10^® per milliliter, whereas, a calf receiving a 3:1 
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hay to grain ratio had 10 Lactobacillus organisms per milli­
liter. When the diet was changed from high roughage to high 
concentrate, Lactobacillus counts immediately increased to 
equal the number observed with the calf receiving the high 
concentrate diet. In these trials calves on high roughage 
diets established normal protozoa populations much more rapid­
ly than calves receiving a high concentrate diet. Badie and 
Hobson (1962) observed large numbers of small bacteria, 
Oscillospira, in defaunated lambs. The reduction in number 
of Oscillospira when these same lambs were later faunated 
suggested that ciliate protozoa were competing for substances 
with this species of bacteria. 
Badie (1962b) also has reported studies on the establish­
ment of a normal protozoal population in young ruminants. 
Mixed species of protozoa from ruminai contents of adult 
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ruminants were given via intra-ruminai inoculation to young 
developing ruminants, and it was observed that Polyplastron 
multivesculatum, Budiplodinium tnaggii and Epidinium species 
did not form stable mixed populations in the inoculated host. 
The cause of antagonism was not determined, but cannibalism, 
food competition or gross bacterial changes did not appear 
to be responsible. She observed that the population of an 
adult animal could be changed by inoculation, therefore she 
postulated the relationship between the ciliates in the rumen 
to be in some way controlled by the host animal which may 
play an important role in determining the components of a 
particular rumen microfauna. 
Luther (1964) not only observed more organisms of the 
Oscillospira species, but also more small and large selenomon-
ads and sarcina in the rumen of defaunated lambs. According 
to Mottle (1956), the numbers of bacteria were greater in 
lambs which were defaunated as compared to faunated controls. 
When defaunated lambs were faunated a marked drop in bacterial 
counts resulted. Bryant and Small (1960) also reported less 
cellulolytic bacteria in faunated calves compared with de­
faunated calves. Badie and Hobson (1962) observed a similar 
decrease in number of bacteria with defaunation. Badie (1962a), 
Badie and Hobson (1962) and Luther (1964) all observed that 
larger populations of flagellated protozoa were present in 
ciliate free lambs as compared with faunated lambs. The rela­
tive nutritive value of ruminai protozoa as a source of protein 
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for rats was compared with ruminai bacteria and brewer's 
yeast by McNaught e;t (1954), Biological values were 81, 
80 and 72 percent for bacteria, protozoa and yeast respec­
tively. The corresponding true digestibility values were 
74, 91 and 84 percent. The results suggest that the conver­
sion of bacterial or dietary protein into protozoal protein 
in the rumen is advantageous to the host animal. 
Factors Affecting Protozoal Populations 
within the Reticulo-Rumen 
It is evident that many factors influence the rumen 
ciliate population, including type of ration, physical form 
of the ration, rumen pH, management practices, antiprotozoal 
agents, diethylstilbestrol and the host animal itself, to 
name a few. 
In order to study ciliate protozoa vivo it was neces­
sary to determine methods of natural infection, and develop 
methods to render the animals free of protozoa. Becker and 
Hsiung (1929) investigated protozoal infestation in young 
ruminants and found that ciliate protozoa were spread from 
one animal to another by mouth to mouth contamination, through 
saliva-contaminated feed, if it was consumed before the pro­
tozoa were killed by exposure to oxygen, or through the drink­
ing water if a protozoa-bearing animal drank just prior to a 
non-infected animal. Protozoa were observed to be present in 
large numbers in the saliva of faunated animals. Becker (1929) 
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studied methods of defaunating animals and found that treat­
ment with a copper sulfate solution following a fasting period 
was successful with no apparent harm to the animal; however, 
Christiansen (1963) observed death losses with lambs follow­
ing treatment with copper sulfate. He modified Becker*s 
(1929) procedure by administering ammonium molybdate to al­
leviate effects of the copper sulfate. Based upon the fact 
that inoculation with ciliate protozoa takes place via direct 
contact, the most positive method of defaunation is preven­
tion of infection in the young ruminant. Founden and Hibbs 
(1948a and 1948b) have shown that calves normally establish 
protozoal populations at four to eight weeks of age, and young 
goats and lambs may become faunated at two to four weeks of 
age. The age at which faunation occurs is dependent upon 
normal rumen development, which, in turn, is dependent upon 
the ingestion of a roughage or bulky diet. They found that 
protozoa failed to become established in milk-fed calves but 
were easily established in milk-alfalfa hay fed calves. In 
addition, they found that inoculation with ingesta from faun­
ated ruminants assisted the establishment of protozoal popu­
lations. Using this information, Badie and Hobson (1962), 
Christiansen elt (1965) and Abou Akkada and Bl-Shazly 
(1964) successfully prevented faunation of lambs by removing 
them from their mothers at two to three days of age and iso­
lating them from any possible source of ciliate protozoa. 
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Hydrolysis of protein in the rumen results in production 
of indole and skatole from tryptophane. Badie and Oxford 
(1954) treated rumen ciliates with nearly saturated solutions 
of these compounds and reported them to be highly toxic to 
protozoa, especially the holotrichs, Isotricha, Dasytricha 
and Ophryoscolex. Indole and skatole acted similarly to 
the anionic detergent "teepol" with a phenomenon resembling 
a drastic mechanical disintegration of the protozoal cells. 
They suggested that production of indole and skatole in the 
rumen might be the cause for the large variation in protozoa 
numbers within the same animal observed at different times. 
Eadie and Oxford (1957) described another method of defauna-
tion based upon the fact that protozoa are sensitive to hypo­
tonic solutions. These workers removed the rumen ingesta via 
a fistula and washed the rumen with soft water. With this 
method, defaunation was practically complete for two weeks. 
The type of ration and feeding regime has been shown to 
alter the type and number of ciliate protozoa present in the 
reticulo-rumen. Johnson et (1944) found that the smallest 
number of protozoa occurred in the rumen the first hour after 
feedings of lambs with diets containing urea. At the end of 
16 hours bacterial numbers were reduced to less than five 
percent of the original number and protozoal populations were 
doubled compared with the first hour. Purser and Moir (1959) 
observed a cyclic population change in Entodinium spp. follow­
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ing feeding. The number of cells were highest at the time 
of feeding, with a subsequent decline for eight hours after 
feeding, followed by a gradual increase to that number found 
at feeding. Oligotrichs taken from the ventral floor of 
the reticulo-rumen decreased three-fold in numbers at eight 
hours after feeding. Purser (1961) reported one-half of 
the number of holotrich protozoa at 20 hours after feeding 
compared with those present at feeding. Twenty percent of 
the Dasytricha protozoa counted at feeding were counted 16 
hours post-prandial by Warner (1962). Purser and Moir (1959) 
observed that dividing oligotrichs were strongly inhibited 
by the low ruminai pH which occurred from two to four hours 
after feeding. Christiansen et (1962) determined that 
the optimum pH for maximum protozoal activity vitro was 7 
and that Entodinium and Dasytricha lost their viability be­
low pH 5.5. Quinn ejt (1962), using a chemically defined 
medium in a continuous culture apparatus, observed ruminai 
ciliates could not tolerate a pH below 5.5 or above 8 for 
extended periods of time. Eadie ejt (1956) and Oxford 
(1955b) and Hungate (1960) reported the disappearance of 
d. liate protozoa with ruminai pH values between 4 and 5. 
Moir and Somers (1956) clearly demonstrated that eating 
habits of sheep were important factors in determining the 
level of the protozoal population within the rumen. Pro­
tozoal populations were enumerated when the ration was 
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offered to sheep four times a day as compared with twice 
and once per day. With more frequent feeding, numbers of 
protozoa were significantly higher. Putnam et aJ. (1961) 
observed similar results with beef heifers on a finishing 
ration. Multiple feeding of sheep did not affect the free 
bacterial counts according to Moir and Somers (1957), but 
they did observe increased dry matter digestibility and ni­
trogen retention. Christiansen et (1964) observed that 
the level of intake, physical form of the ration and diethyl-
stilbestrol affected the protozoal population. Pull-fed 
lambs were compared with two-thirds of the full feed, and 
protozoal counts were zero and 100,000 protozoa per milli­
liter, respectively. When the ration was pelleted protozoa 
disappeared in two to three weeks. Additions of diethyl-
stilbestrol to all the rations drastically reduced the loss 
of ciliate protozoa from the rumen. Luther (1964) observed 
a shift in types of ciliate protozoa with lambs fed rations 
varying in concentrate to roughage rations. Lambs fed the 
high concentrate ration harbored lower numbers of Diplodenium 
spp., but larger numbers of Entodinium and Ophryoscolex spp. 
than lambs fed a high roughage ration. 
Large variations in protozoal counts made from ruminai 
samples have been observed by Boyne e_t (1957) and Williams 
and Moir (1951), however, Moir and Somers (1957) observed no 
evidence of such variability. Seasonal variability has 
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been reported by both Nottle (1956) and Wilson and Briggs 
(1955). 
Nutritional and Biochemical Studies of the 
Ruminai Ciliate Protozoa 
To effectively study the biochemistry of ciliate pro­
tozoa, an individual species must be separated from the rumi­
nai contents, other protozoal species,and the bacteria found 
in the rumen. The first nutritional studies were designed 
to define the nutritional and physical environment such that 
protozoa could be cultured iji vitro. In these initial 
studies isotonic salt solutions were used to investigate the 
utilization of carbohydrates. Hungate (1942) was the first 
investigator to successfully culture Budiplodinium neglectum 
in vitro. In addition to inorganic salts, grass and cellu­
lose were added as a source of energy to support a continuous 
viable culture for 22 months. The protozoa were grown in 
sufficient numbers to prepare enzyme extracts which were 
shown to be active in cellulose digestion. The optimum ac­
tivity of the cellulase was pH 5. The cellulase activity was 
observed to be similar to cellulase activity in the endoplas­
mic sack of the protozoa cell. Glucose was postulated as an 
intermediate product since cellobiase was also isolated from 
the extract of protozoa. Hungate concluded that the cellu­
lose digesting capacity of Budiplodinium neglectum was help-
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fui to the host animal and suggested a symbiosis between the 
two. In other studies, Hungate (1943) observed that Di-
plodinum maggii, Diplodinum multivesculatum, Diplodinum 
denticulatum and Entodiniuro caudatum could be grown in flask 
cultures using such substrates as grass, cellulose and ground 
wheat either singly or in combination depending upon the 
species being cultured. A rapid synthesis of reserve food 
in Diplodinum maggii was observed when cellulose was used 
as substrate. The results of the cultural studies and of 
experiments on cellulose digestion by protozoa extracts in­
dicated that three species of Diplodinum digested cellulose, 
and that Bntodinium caudatum did not. Microscopic observa­
tions revealed all species of Diplodinum were cellulose di-
gestors, whereas, Bntodinium, Isotricha, Dasytricha and 
Butschlia did not digest cellulose. It was concluded that 
Diplodinum species were the only symbionts among ciliate 
protozoa that normally inhabit the reticulo-rumen. 
Masson and Oxford (1951) and Oxford (1951) reported 
that the action upon water soluble carbohydrates by holotrich 
ciliates grown vitro was similar to that normally found in 
the rumen. Glucose, fructose, sucrose, inulin, bacterial 
levan (from Bacillus megatherium) and, to a lesser extent, 
cellobiose were utilized for rapid and extensive storage of 
iodophlic polysaccharide granules. None of the other soluble 
carbohydrates studied, including maltose, was so utilized. 
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When polysaccharide storage occurred, the product gave a 
purple color when treated with iodine and had chemical pro­
perties of starch rather than glycogen because it gave an 
insoluble iodine complex under the conditions of the test. 
These workers reported a much slower storage of starch 
granules by oligotrich ciliates than by the holotrichs 
ciliates. Oxford (1951) prepared polysaccharide granules 
from holotrichs cultured vitro as well as from those 
taken directly from the rumen shortly after feeding. The 
amount of polysaccharide recovered from vitro studies was 
approximately equal to 25 percent of the weight of water 
soluble, yeast fermentable sugars present in a single feed 
of hay. The granules had disappeared from the protozoa when 
observed nine hours after feeding. Sugden and Oxford (1952) 
studied the disappearance of storage granules in protozoa 
incubated in the absence of substrate. The concentration of 
the granules diminished until death of the protozoa which 
usually occurred at about three days after removal of pro­
tozoa from the rumen. When freshly collected holotrich 
protozoa were incubated in a medium containing soluble carbo­
hydrates, storage granules appeared within five minutes and 
within one hour all motile protozoa appeared to be filled 
with the storage granules. No bacteria were observed in the 
protozoa at any time. 
Heald and Oxford (1953) studied carbohydrate fermenta-
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tion by suspensions of virtually bacteria-free and starved 
holotrichs collected from the rumen of sheep. Isotricha 
prostoma, Isotricha intestinalis and Dasytricha ruminatium 
produced acids and gas at a rapid rate under anaerobic con­
ditions from glucose, fructose, sucrose, raffinose, inulin, 
rye grass levan and, to a much lesser degree, cellobiose. 
The fermentation products were primarily lactic, acetic and 
butyric acids with trace amount of propionic acid, carbon 
dioxide, hydrogen and several soluble nitrogen compounds 
which were not ammonia, urea or amino acids. Killing the 
bacteria in the protozoal preparations by relatively high 
concentrations of streptomycin had little affect upon the 
fermentative capacity of the protozoa. During the first 
three hours of the fermentation, more of the soluble carbo-
hydrates were stored as polysaccharide granules than were 
fermented into acids. It was suggested that holotrichs could 
store and later release soluble sugars to the microbial mass 
in a steady and small amount. 
Sugden (1953) studied the oligotrich protozoa and found 
they required bacteria for survival in an vitro fermenta­
tion. When the bacteria were killed by using 560 micrograms 
of streptomycin per milliliter of solution the protozoa died 
within 24 hours, whereas, when bacteria were not killed the 
protozoa reproduced normally for eight to 12 days. The pro­
tozoa grown with bacteria ingested finely ground cellulose 
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and converted it to substances similar to amylopectin. From 
his observations Sugden (1953) postulated a true symbiosis 
involving both a protozoa-host animal and protozoa-bacteria 
relationship. 
Gutierrez (1955) observed that Isotricha prostoma and 
Isotricha intestinalis could not utilize cellobiose, whereas, 
the Dasytricha spp. could utilize it for storage of iodo-
philic granules. The protozoa studied could deposit food 
reserves when fed sucrose, fructose, glucose, inulin and raf-
finose. It was postulated that a mixed population of oli-
gotrichs and holotrichs contributed about 20 percent of the 
total fermentation acids available to the host animal, and 
that the holotrichs contributed approximately 33 grams of 
protein to the host each day. Gutierrez (1955) was success­
ful in culturing the Isotricha spp. for periods of three 
weeks and calculated that the culture divided every 48 hours. 
Eadie and Oxford (1955) reduced the temperature of the 
in vitro culturing system eight to 12 degrees centigrade be­
low that normally found in the rumen and observed an abnormal 
contraction and fusing together of the storage polysaccharide 
granules into a narrow central zone of endoplasm. To produce 
this condition soluble nutrients supplied by ruminai fluid 
had to be present. These investigators felt this occurrence 
was due to auto-utilization of storage polysaccharides rather 
than to synthesis of new storage material. 
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Coleman (1958) maintained oligotrich protozoa alive for 
four months by changing the medium every day. Dried grass 
or rice straw, a small amount of ruminai fluid and the anti­
biotic chloramphenicol were used to maintain a viable and 
bacterial free preparation. Following the original inoculation, 
the holotrichs died within five days. The number of oli­
gotrich protozoa were reduced for two to eight days at which 
time normal division occurred every two to four days. At 
the end of the four month culturing period the remaining 
protozoa were Bntodinium caudatum, Entodinium longinium with 
a few Entodinium simplex. 
Abou Akkada and Howard (I960) measured the end products 
of protozoal metabolism and found that acetic and butyric 
acids accounted for 82 to 89 percent of the total acids pro­
duced during active fermentation of starch materials. The 
protozoal carbohydrates from cell-free extracts showed a 
significant hydrolysis of amylose, amylopectin, glycogen and 
maltose. Suspensions of Entodinium caudatum did not metabo­
lize any of the soluble carbohydrates but readily engulfed 
grains of rice starch without an immediate rise in the rate 
of fermentation. The authors concluded that Entodinium 
caudatum satisfied its carbohydrate requirement solely from 
ingestion of starch granules. 
Bailey and Howard (1962) described a quantitative method 
of preparing protozoal enzymes using indole which disrupts 
the protozoal cells and leaves the associated bacteria intact. 
20 
Bailey ^  £l. (1962) prepared extracts from Bpidinium ecauda-
tum (Crawley) which readily hydrolyzed xylobiose, cellobiose, 
sucrose, isomaltose and melobiose, but not cellulose. The 
enzymes were active within the pH range of 5.8 to 6.2 with 
enzymatic activity constant over a temperature range from 37 
to 51 degrees centigrade. This was the first evidence in­
dicating that rumen ciliate protozoa contained enzymes capa­
ble of hydrolyzing plant hemicelluloses. In later studies 
with extracts from Bpidinium ecaudatum. Bailey and Howard 
(1963) reported an active fraction containing the enzymes 
alphagalatosidase and isomaltase. When Bailey and Clarke 
(1963) isolated carbohydratases from a mixed population of 
protozoa containing 89 percent Entodinium spp. they reported 
the hydrolysis of amylose, amylopectin, xylan, araboxylan, 
xylose, xylobiose and cellodextrin. The enzymatic activity 
of the protozoal extracts suggested that mixed populations 
of Entodinia spp. are capable of utilizing complex carbohy­
drates such as cellulose in addition to starch. These work­
ers postulated that as far as carbohydrate digestion in the 
rumen was concerned the starch-eating Entodinium caudatum may 
be an atypical member of the genus Entodinium. 
Abou Akkada £t (1963) studied enzymatic activity of 
cell-free extracts from Polyplastron multivesiculatum and 
found varying degrees of hydrolysis of amylose, maltose, 
cellibiose, pentosan, xylobiose, pectin, sodium polypectate, 
sucrose, melibiose, raffinose, inulin and lactose. 
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Wright (1961) reported studies upon the metabolism of 
pectin by ruminai microorganisms and found that both bacteria 
and protozoa exhibited methylesterase and polygalacturonase 
activity against pectin. The oligotrich, Epidinium spp., 
increased gas release with fermentation of clover fiber by 
ruminai fluid, whereas, holotrichs produced little gas on 
the same substrate. 
Factors Affecting vitro Fermentations by 
Mixed and Pure Cultures of Ruminai Microorganisms 
Development of in vitro fermentation techniques within 
the last 20 years has evolved into a new science for the 
student of ruminant nutrition. No longer can ruminant nutri­
tional research be conducted solely on the animal, but just 
consideration must be given to effects the rumen microbial 
mass exerts upon the host animal. Thus bacteriology has be­
come an important part of rumen nutritional study. Marston 
(1948) described the first successful technique for measuring 
cellulose digestion in an vitro system. Marston stated 
that the environment of the vitro system required a high 
carbon dioxide tension, a source of energy, a buffering sys­
tem, a source of nitrogen and temperature regulated at that 
normally found in the rumen. From fermentation studies he 
reported that methane and carbon dioxide gases are produced, 
and the main end products of fermentation were volatile fatty 
acids; with acetic and propionic acid constituting the 
majority of the acids produced with traces of formic and 
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butyric acid. Louw et £l. (1949) modified the procedure 
described by Marston (1948) by placing the bacterial sus­
pension in semipermeable cellophane bags with isotonic medium 
on both sides of the bag thereby allowing removal of the end 
products of digestion by diffusion. Increased cellulose di­
gestion was obtained when the cellophane bag technique was 
compared with the glass containers used by Marston (1948). 
Burroughs £t (1950a), (1950b) modified the iji vitro 
technique by replacing one-half the original ruminai fluid 
inoculum each 36 hours with chemically defined medium. In 
this way the effects of ruminai fluid were diluted out over 
several 36 hour fermentation periods. Huhtanen et al. 
(1954), using the semipermeable membrane method, scaled down 
the size of the starting inoculum into a miniature artifi­
cial rumen and observed good repeatability with the procedure. 
In order to reduce the length of the fermentation and yet 
prevent nutrients from being carried into the fermentation 
by ruminai fluid, Cheng ejt (1955) centrifuged and washed 
the bacteria from ruminai fluid prior to starting the fer­
mentation. The use of small fermentation tubes made the 
procedure ideal for rapidly determining nutrient require­
ments for ruminai bacteria. 
Mixed cultures of ruminai protozoa have not been studied 
as intensively as have ruminai bacteria. Christiansen ^  al. 
(1962) described a technique for conducting fermentations 
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with bacteria-free ciliate protozoa. Antibiotics were used 
to supress bacterial activity. Titration of free hydrogen 
ions was used as a measure of volatile fatty acid production 
during the fermentation. Quinn (1962) and Quinn e^t al. 
(1962) described a continuous culture apparatus and methods 
for measuring protozoal nutrient requirements. 
Primary objectives of iji vitro studies of mixed cultures 
of ruminai microorganisms have been to determine nutritional 
and physical requirements of microorganisms present in the 
rumen as well as to study end products of microbial fermen­
tations. Burroughs ^  (1950a) (1950b) observed increased 
cellulolytic activity in their m vitro ruminai fermentations 
upon adding alfalfa ash, autoclaved ruminai fluid or a water 
extract of cow manure. Morphologically similar bacteria were 
observed at the start and end of these im vitro fermenta­
tions. El-Shazly ejt £l. (1961) reported similar findings and 
described the microflora as being predominantly gram-negative 
cocci. After 24 and 30 hours of fermentation there was a 
large increase in numbers of the gram negative cocci- Gram 
positive rods were also observed with a definite but smaller 
increase in numbers at 24 and 30 hours. They concluded that 
those groups of organisms were responsible for the observed 
cellulolytic activity, and were true representatives of the 
cellulolytic microflora. Ruf et (1953) and Bentley et ^  
(1954) concluded from vitro and in vivo experiments that 
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factors which stimulated cellulolytic activity were fairly 
widespread in feedstuffs commonly fed to cattle and sheep. 
Ruminai fluid, yeast extracts and manure extracts were found 
to be especially rich sources of the factors. Substances 
which increased cellulose digestion by ruminai microorganisms 
cultured vitro also improved appetite and liveweight 
gains in lambs receiving a semi-purified ration. Short-
chained volatile fatty acids were proposed by Bentley et, al. 
(1955) to be the cellulolytic factor found in autoclaved 
ruminai fluid, alfalfa meal, yeast extract and dried dis­
tillers fermentation solubles. The fatty acid fraction and 
reagent grade valeric and caproic acids and, to a lesser ex­
tent, iso-butyric and iso-valeric acids all markedly increased 
the rate of cellulose digestion. For maximum cellulolytic 
activity biotin and paraaminobenzoic acid were also required 
by the organisms grown ijn vitro. Hall ejt a^. (1955) reported 
that vitamins B12 and biotin were the most active of several 
of the water soluble vitamins found to be active in stimulat­
ing cellulose digestion. Dehority ejt (1957) reported 
that "cellulolytically active" factors from autolyzed yeast, 
casein hydrolysate and alfalfa extract were the amino acids 
valine, proline, leucine and isoleucine. Valeric acid and 
the active amino acids, when tested in combination, did not 
provide an additive effect in the vitro system. 
Study of pure cultures of rumen bacteria has been much 
slower in development than study of mixed cultures because 
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adequate culturing techniques have not been available. A 
roller tube technique was described by Hungate (1950a) which 
allowed for isolation of pure colonies of ruminai bacteria. 
The main improvement over existing anaerobic techniques at 
that time was the handling of all dilutions and tube inocula­
tions under complete anaerobic conditions. This was ac­
complished by preparing dilution and inoculation media under 
carbon dioxide gas. Huhtanen ejt al. (1952) described an im­
proved method for isolating and purifying ruminai bacteria. 
They emphasized the importance of a buffer system to control 
the pH of the medium and the need for maintaining a low Eh 
during dilution and incubation of rumen bacteria. Hungate 
(1950a) reported that ruminai fluid was necessary to grow 
many of the ruminai bacteria in pure colonies, which fact 
was confirmed later by Bryant and Burkey (1953), McNeill e_t 
al. (1954), Maki and Foster (1957) and Bryant e_t aJ^. (1958), 
Bryant and Burkey (1953) used an agar culture medium contain­
ing minerals, ruminai fluid, glucose, cellobiode, cysteine 
hydrochloride and a carbonic acid-sodium bicarbonate buffer 
solution. Colony counts of ruminai contents from animals 
on normal rations averaged 1.7 billion bacteria per milli­
liter, which were 8.4 percent of the total bacterial numbers 
present as determined by direct microscopic count. They 
found that four times as many bacteria were obtained from 
the solid portion of the ruminai contents as compared with 
the liquid portion. Using this method they isolated 896 
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strains, but did not determine the number of different vari 
eties. Bryant and Robinson (l96la) modified the roller tube 
procedure by using clarified ruminai fluid, reducing the 
amount of glucose and cellobiose, including soluble starch 
as a source of energy and changing the reducing agent from 
cysteine to a combination of cysteine and sodium sulfide. 
Bacterial counts were doubled when compared to the earlier 
method of Bryant and Burkey (1953); however, the bacteria 
isolated were of the same types with the exception of Bac-
teriodes strains that utilize starch but not glucose or 
cellobiose. Prom the development of the pure culture tech­
niques, numerous papers have been published on the taxonomy 
and nutrition of ruminai bacteria. This area has been re­
cently reviewed by Hungate e;t (1964), and covers the 
types of bacteria found in the rumen and their nutrient re­
quirements in pure culture. 
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MATERIALS AND METHODS 
Addition of Protozoa to vitro Fermentations 
Four liters of ruminai fluid were collected from a rumen 
fistulated steer six hours after feeding a ration consisting 
of 50 percent ground ear corn and 50 percent good quality 
alfalfa hay. The first 2 liters of fluid were collected as 
described by Christiansen e^ £l. (1962) for isolation of 
protozoa. The second 2 liters of ruminai fluid were collected 
from the upper layer of ruminai ingesta for isolation of 
bacteria. 
The preparation of the protozoal inoculum consisted of: 
incubation of ruminai fluid with 0.05 percent sucrose and 
0.1 percent maltose at 39 degrees centigrade for 30 minutes; 
removal of feed particles from the sucfece of the liquid with 
a small scoop; transference of the upper liquid layer con­
taining Entodinium and Dasytricha (about two-thirds of the 
total volume) to another flask and incubation at 39 degrees 
centigrade; transference of the lower layer containing Di-
plodinium, Isotricha, Epidinium and Ophryoscolex to a separa-
tory funnel; this was placed in a 39 degrees centigrade 
water bath until the protozoa settled to the bottom; the 
layer of protozoa was withdrawn into a second separatory 
funnel containing 250 milliliters of a 0.8 percent NaCl 
solution prewarmed to 39 degrees centigrade; it was shaken. 
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and then the protozoa were allowed to settle prior to their 
removal as washed inoculum. 
The ruminai fluid containing the smaller protozoa was 
centrifuged at 500 rpm for three minutes in a servall angle 
centrifuge. The residue obtained after decanting the super­
natant was suspended in a 0.8 percent Nad solution pre-
warmed to 39 degrees centigrade. The smaller protozoa thus 
obtained were combined with the larger protozoa isolated 
from the separatory funnels. They were thoroughly mixed prior 
to addition in different amounts to the washed bacterial in­
oculum. 
Preparation of the bacterial inoculum consisted of 
straining 2 liters of ruminai fluid through four layers of 
cheesecloth into an insulated flask containing one liter of 
warm (39 degrees centigrade) phosphate buffer (1.059 grams 
of NagHPO^ and 0.436 grams of KH2PO4 per liter). The pulp 
remaining on the cheesecloth was combined with the first fil­
trate and subsequently strained through cheesecloth into an 
insulated flask for transport to the laboratory. 
The washing procedure for the bacterial inoculum was 
similar to that described by Cheng ejt (1955), with the 
exception that 0.8 percent NaCl solution was used in place 
of distilled water for suspending the washed bacterial cells. 
Two liters of ruminai fluid were used to prepare one liter 
of bacterial suspension for these vitro studies. 
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In vitro cellulose digestion studies were conducted as 
described by Cheng ejt (1955) by using the nutrient medium, 
Trenkle (1958), shown in Table 1. Cultures were incubated 
for 20 hours at 39 degrees centigrade, and all treatments 
were run in triplicate within an experiment. 
Table 1. Composition of nutrient medium for bacteria 
and protozoa 
Chemicals Grams per liter 















Total and molar proportions of volatile fatty acids 
were determined by using gas chromatography as outlined by 
Ralls (I96 0) and modified by Raun (1961). Total viable bac­
teria were counted using the anaerobic roller tube technique 
described by Bryant and Robinson (1961a). A detailed descrip­
tion of the anaerobic roller tube procedure is outlined in 
the Appendix. 
Digestibility Studies with Paunated and De­
faunated Lambs 
Apparent digestibility coefficients for rations one and 
two (Table 2) were determined with six defaunated lambs and 
six faunated lambs. The lambs were defaunated and six were 
refaunated as described by Luther (1964). Prior to starting 
the digestibility trial the lambs were vaccinated for entero-
toxemia and allowed to adjust to ration one, Table 2, until 
all lambs were consuming a constant intake of 1,000 grams per 
day for 14 days. Harnesses and fecal collection bags were 
then attached to the lambs for a seven day adjustment period 
prior to a seven day collection period. The bags and har­
nesses were removed, and the lambs were then fed ration two. 
Table 2, for 14 days. One-half of the faunated and defaun­
ated animals were fed 1200 grams per head per day, and others 
in each of the groups were fed 720 grams per head per day. 
The animals were allowed to adjust to the harnesses and fecal 
collection bags for three days prior to a seven day collection 
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Table 2. Experimental rations for digestion and growth 
trials 
Ration in pounds 
Ingredient 12 3 
Ground corn cobs 500 100 
Solka Floe 280 
Chopped alfalfa hay 500 
Cracked corn 214-25 368 
Corn dextrose 108 
Corn starch 114 
Corn oil 30 
SyrupB 70 
Molasses 70 70 
Soybean oil meal 200 235 55 
Dicalcium phosphate 7.5 2 
Limestone 2.5 
Salt ^ 5 
Vitamin A and D premix 0.25 
Vitamin E premix^ 0.50 
Vitamin mixture^ 10 
Mineral mixture* 53 
Total 1000.0 1000.0 1000.0 
^Composition of premixes were described by Theurer 
(1962). 
period. 
Digestibility coefficients for ration three, Table 2, 
were determined using 12 cross bred lambs with an average 
weight of 105 pounds. All lambs were defaunated and one-
half of them were refaunated using the procedure described 
by Luther (1964) except that the quantity of ammonium molyb-
date fed following defaunation was reduced from 185 milli­
grams per head daily for 28 days to 75 milligrams per head 
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daily for 21 days. The lambs were adjusted to a constant 
intake of 1700 grams per head daily for 14 days. The lambs 
were allowed to adjust to the harnesses and fecal collection 
bags for four days prior to fecal collection during a seven 
day period. 
Twenty milliliters of ruminai fluid were collected from 
five lambs selected at random from each treatment. The 
ruminai fluid from the five lambs on a given treatment was 
pooled in a prewarmed insulated container and taken to the 
laboratory where total viable bacterial counts were made us­
ing the procedure described by Bryant and Robinson (1961a). 
Analysis of the organic and dry matter for the estima­
tion of digestion coefficients were determined by methods 
described by A. 0. A. C. (I960). Cellulose was determined 
by the method of Crampton and Maynard (1938), and nitrogen 
determinations were made by the Kjeldahl method. 
Effect of Defaunation of Lambs upon 
Growth and Carcass Finish 
Twenty cross-bred lambs with an average weight of 70 
pounds were defaunated using the modified procedure previously 
described and randomly assigned to individual pens which were 
equipped with water and feed buckets. Three sides of the 
pens were constructed with solid plywood panels with the 
fourth partition being a wire gate so the two lambs adjacent 
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to each other could maintain partial physical contact. The 
lambs that were defaunated for the entire experimental period 
were housed in an isolation room and the faunated lambs were 
housed in an adjacent room. Ruminai fluid was examined seven 
and 14 days after treatment of the lambs with copper sulfate 
to determine if the lambs were defaunated. Following the 
second microscopic examination for ciliate protozoa, ten of 
the lambs were refaunated with 10 milliliters of concentrated 
settled protozoa taken from two fistulated steers, harboring 
a population of ciliate protozoa. Prior to administering the 
settled protozoa 300 milligrams of streptomycin were added 
per liter of wash solution to inhibit bacteria in the proto­
zoal inoculum. Seven days were allowed for the ciliate 
protozoa to become established before weighing the animals 
and starting the experiment. Initial and final weights were 
determined by removing feed and water over night and weighing 
just prior to the morning feeding. Intermediate weights were 
taken 21 and 42 days after the start of the experiment prior 
to the morning feeding. The experimental ration was ration 
three described in Table 2. The ration was weighed and of­
fered to each lamb two times per day throughout the experi­
ment. Average daily gain, average daily feed intake and feed 
efficiency were calculated at the conclusion of the experiment. 
Following the 56 day growth trial, a digestibility trial 
was conducted with 12 of the lambs as described in the previous 
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section. Upon completion of the digestibility trial all the 
lambs were marketed at Wilson*s Packing Company in Cedar 
Rapids, Iowa. Federal carcass grade, hot carcass weight, 24 
hour chilled carcass weight, the percentage of carcass shrink, 
fat cover over the twelfth rib and rib eye area measurements 
were obtained at the packing plant. 
Statistical analyses of variance was conducted according 
to Snedecor (1956) for vitro fermentation experiments, in 
vivo digestibility experiments, the lamb finishing trial and 
subsequent evaluation of lamb carcasses. 
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RESULTS AND DISCUSSION 
Addition of Protozoa to dm vitro Fermentations 
Results obtained by adding washed ciliate protozoa to 
a washed bacterial suspension are given in Table 3. In this 
experiment, using Solka Ploc as the substrate, cellulose 
digestion was increased by each level of protozoa added, 
showing a significant linear and quadratic response 0.005). 
Total acid production in all cultures containing protozoa 
was higher (P <0.005) than in cultures containing only bac­
teria. In the cultures containing protozoa, the molar pro­
portions of acetate and butyrate increased (P<0.05), No 
significant change occurred in molar percent of propionate. 
A decrease from 1.38 to 1.17 in the ratio of acetate to pro­
pionate and a decrease from 20.9 to 5.8 in the ration of 
acetate to butyrate resulted from the addition of protozoa. 
The vitro changes in molar proportions of acids tended to 
be similar to those observed by Christiansen ejt (1964) 
and Luther (1964) between faunated and defaunated lambs. 
The addition of bacteria to a culture containing protozoa 
increased both cellulose digestion (P CO.005) and acid pro­
duction (P<0.01), Table 4. The molar proportion of acetate 
was reduced (P<.0.01), and butyrate tended to be reduced 
while the proportion of propionate was increased (P<0.005) 
by each level of added bacteria. 
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The sum of cellulose digested by protozoa alone plus 
bacteria alone could not account for the total amount of 
cellulose digested and acid produced in the cultures contain 
ing similar amounts of protozoa and bacteria. Cellulose di­
gestion by protozoa alone was only about seven percent 
(Table 4), and by bacteria alone it was about 40 percent 
(Table 3); whereas, when the two were combined, cellulose 
digestion exceeded 60 percent. The acids produced in the 
protozoal cultures were primarily acetic and butyric, while 
the inclusion of protozoa with bacteria tended to reduce the 
molar proportion of acetic acid. 
Table 3. Influence of protozoa upon cellulose digestion by 
ruminai microorganisms 
ml. settled protozoa/L medium 
0 3 6 9 12 15 18 21 24 
cell dig. 39. 7 47 .5 52.6 55.1 62.1 62.4 65.7 66.5 67.1 
VFA, mu/ml" 20. 9 22 .2 25.6 27.0 30.4 31.3 32.6 34.4 36.7 
C2, molar % 56. 5 53 .3 54.0 55.6 49.7 49.7 51.4 51.6 49.4 
C3, molar % 40. 8 43 .0 41.6 39.7 43.8 42.8 41.5 41.2 42.1 
C4, molar % 2. 7 2 .9 4.4 4.7 6.5 7.5 7.3 7.2 8.5 
Values represent the average of two experiments with 
three fermentation tubes per treatment within an experiment. 
^Values represent the average of two experiments with 
samples pooled from three fermentation tubes. 
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Table 4. Effect of concentration of bacteria upon cellulose 
digestion in the presence of protozoa 
Concentration of bacteria^ 
\C 0b,c 0.5^ i.of I.5C 2.0 
6.9 35.5 48.9 58.8 62.6 
8.4 18.6 24.7 27.9 32.2 
75.5 64.7 57.5 58.2 52.2 
9.8 28.1 35.1 36.3 39.9 
15.7 7.2 7.4 5.5 7.9 
Cellulose digestion 
VFA, 
C2, molar % 
C3, molar % 
C4, molar % 
^Concentration of bacteria expressed in liters of rumin­
ai fluid used to prepare 1 liter of inoculated fermentation 
medium. 
^he medium which was not inoculated with bacteria con­
tained 300 milligrams of streptomycin per liter. 
^Values are average of data from two experiments with 
six fermentation tubes per treatment within an experiment, 
^Analysis was made on samples pooled from six tubes 
within each experiment. 
It seems plausible that synergism between bacteria and 
protozoa could have been due totally to the result of stimu­
lation of cellulolytic bacteria rather than to a stimulation 
of both protozoa and bacteria. Increased cellulose digestion 
by ruminai bacteria cultured vitro has been demonstrated 
previously by others by including in the medium additions of 
crude extracts of several natural products (Burroughs et. al» » 
1950a), branched-chain acids (Bentley £l., 1955), amino 
acids (Dehority et , 1957) and certain B-vitamins (Hall 
et , 1955). 
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The hypothesis that protozoa may have contributed a 
beneficial factor for bacterial cellulolytic activity was 
studied by subjecting the washed protozoa fraction to sever­
al physical treatments before addition to the bacterial 
inoculum (Tables 5 and 6). The addition of autoclaved, 
frozen and thawed protozoa or cell-free ruminai fluid to the 
bacterial inoculum increased cellulose digestion (P^0.v5). 
Table 5. Effect of physical treatment of protozoa upon 
cellulose digestion 
Cellulose digestion % 
First Second Average 
Additions expt. expt. 
Bacteria 38.1 36.9 37.5 
Bacteria + live protozoa 65.2 63.8 63.0 
Bacteria + autoclaved protozoa® 55.6 54.2 54.9 
Bacteria + frozen and thawed protozoa 45.6 50.6 48.1 
Bacteria + 10 ml, of cell free 
ruminai fluidb 45.5 53.7 49.6 
^Concentrated protozoa fraction autoclaved at 15 psi 
for five minutes. 
^Supernatant resulting from centrifuging ruminai fluid 
at 25,000 rpm replacing 10 milliliters of the nutrient medium. 
The response was significantly less (P<10.005) than that ob­
served by adding live protozoa. There were, however, no 
statistically significant differences between the additions 
of treated protozoa or cell-free ruminai fluid. These re­
sults appear to demonstrate that protozoa do, in fact, contain 
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Table 6. Effect of protozoal VFA upon cellulose digestion 
Cellulose digestion % 
First Second Average 
Additions expt. expt. 
Bacteria 25.2 42.1 33.7 
Bacteria + Protozoal VFA^ 28.2 42.0 35.1 
Bacteria +(Protozoa - VFA) 42.4 61.7 52.1 
Gacteria + Autoclaved Protozoa 40.8 63.6 52.2 
^Twenty milliliters of washed concentrated protozoa were 
autoclaved at 15 psi for five minutes, adjusted to pH 2.3 
with HCl and volatile acids removed by steam distillation, 
titrated, concentrated and added back as protozoal VFA. 
factors which stimulate cellulose digestion by rumen bacteria. 
Ruminai protozoa were further studied by subjecting auto­
claved protozoa to steam distillation at pH 2.3. Significant 
quantities of volatile acids, 30.6 micromoles of acid per 
milliliter of protozoa suspension, were recovered. However, 
steam distillation did not result in a loss of the stimulatory 
activity of the autoclaved protozoa (Table 6). 
Addition of hydrolyzed casein or a mixture of vitamins 
Bjl2 and biotin to the bacterial fermentation did not stimulate 
cellulose digestion (Table 7). However, the addition of 
protozoa increased cellulose digestion in the presence or 
absence of hydrolyzed casein or the B-vitamins (P<0.005). 
The stimulatory activity in protozoal preparations, there­
fore, appears different from stimulatory factors found by 
other workers such as branched chain acids (Bentley et al.. 
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1955), amino acids (Dehority et , 1957) and B-vitamins 
(Hall et 1955). 
It did not appear that the observed response to added 
protozoa was due to a readily available source of energy 
such as protozoal amylopectin since it has been demonstrated 
that the addition of soluble sugars or corn starch do not 
stimulate cellulose digestion by washed suspensions of ruminai 
bacteria as used in these studies. The high correlation co­
efficients between cellulose digestion and acid production, 
+0.97 for the data in Table 4 indicates increased acid produc­
tion observed by adding protozoa to bacterial fermentations 
was the results of cellulose digestion. 
Table 7. Effect of protozoa, hydrolyzed-casein and B-vitamins 
upon cellulose digestion by washed ruminai bacteria 
Cellulose digestion % 
First Second Average 
Additions expt. expt. 
None 28.2 26.2 27.2 
5 mg. hydrolyzed casein 27.3 21.5 24.4 
5 meg. Bi2 + 1 meg. biotin 
5 mg. hydrolyzed casein + 
24.8 25.4 25.1 
B-vitamins 31.0 27.2 28.1 
Protozoa 44.4 46.3 45.4 
Protozoa + casein 48.1 49.6 48.9 
protozoa + B-vitamins 44.5 47.7 46.1 
Protozoa + casein + B-vitamins 50.6 50.1 50.4 
^Additions per 20 milliliters of fermentation medium. 
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The addition of yeast extract to vitro bacterial 
fermentations has been shown by Ruf £t (1953), Bentley 
et al. (1954), Bentley e;t (1955), Hall ejt al. (1955) and 
Dehority e^ (1957) to stimulate cellulose digestion which 
is in agreement with the results summarized in Table 8 where 
yeast extract caused a significant (P<0.05) increase in 
cellulose digestion. The addition of protozoa also increased 
cellulose digestion significantly (P <0.005) as has pre­
viously been observed. The protozoa response occurred in the 
presence of yeast extract which indicated that factors pres­
ent in protozoa were not the same as those in yeast extract. 
Table 8. Effect of yeast extract upon iji vitro cellulose 
digestion 
Treatment 
Cellulose digestion % 




37.1 19.8 28.5 
Bacteria + 58.2 26.5 42.4 
Bacteria + protozoa^ 57.1 34.8 46.0 
Bacteria + protozoa + yeast extract 68.9 34.5 51.7 
^Bacteria collected from 2 liters of ruminai fluid was 
added to 1 liter of fermentation medium. 
^50 mg. of yeast extract was added per fermentation 
tube. 
^Ruminai protozoa were concentrated and washed and 0.6 
milliliters of the protozoal suspension added to each fer­
mentation tube containing 20 milliliters of medium. 
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Cellulose digestion was increased to about the same extent 
(Table 9) when 10 milliliters of cell-free ruminai fluid 
from faunated or defaunated lambs replaced 10 milliliters of 
fermentation medium. The additions of protozoa increased 
cellulose digestion slightly more than the addition of cell-
free ruminai fluid collected from faunated and defaunated 
lambs. The stimulatory effect of ruminai fluid has been 
demonstrated by Burroughs e_t (1950a), Hungate (1950a), 
McNeill e;t al» (1954), Bentley ejt (1954), Bentley ejt al. 
(1955) and Maki and Foster (1957). However, in the present 
study the presence or absence of ciliate protozoa in original 
ruminai contents did not appear to affect the activity of 
the stimulatory factor in ruminai fluid. 
Table 9. Effect of adding ruminai fluid from faunated and 
defaunated lambs upon in vitro cellulose digestion 








Bacteria plus protozoa 
10 ml. faunated ruminai fluid 
10 ml. defaunated ruminai fluid^ 










^Bacteria collected from 2 liters of ruminai fluid was 
used to inoculate 1 liter of fermentation medium. 
^Ruminai protozoa were concentrated and washed and 0.6 
milliliter added to each fermentation tube containing 20 
milliliters of medium. 
^10 milliliters of medium was replaced with ruminai 
fluid collected from faunated and defaunated lambs. 
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Solka Floe, alfalfa hay and a 50 pereent alfalfa hay 
ration, ration three, Table 2, were used as substrates to 
determine if the increase in cellulose digestion observed 
with Solka Floe occurred with natural feed materials. The 
results are summarized in Table 10. The addition of protozoa 
resulted in a significant (P< 0.05) increase in cellulose 
digestion with Solka Floe. When alfalfa hay or the 50 percent 
Table 10. Effect of protozoa upon vitro cellulose diges­
tion of alfalfa hay, a 50 percent alfalfa hay 
ration and Solka Floe 
cellulose digestion % 
Treatment 





50% alfalfa hay ration 
19.3 49.9 34.8 
44.8 53.2 49.0 
58.7 55.8 57.3 
Bacteria plus protozoa^ 
Solka Floe 
Alfalfa hay 
50% alfalfa hay ration 
71.5 72.6 72.4 
52.9 51.9 52.4 
54.1 55.7 54.9 
^Bacteria collected from 2 liters of ruminai fluid 
was used to inoculate 1 liter of fermentation medium. 
^Ruminai protozoa were concentrated and washed and 0.6 
milliliter added to each fermentation tube containing 20 
milliliters of medium. 
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alfalfa hay ration were used as the substrate there was no 
increase in cellulose digestion as a result of adding protozoa. 
These findings were in agreement with those reported by Luther 
(1964) and Olmos (196 5). Luther (1964) reported that in 
vitro volatile fatty acid production was increased with addi­
tions of protozoa to natural rations even though cellulose 
digestion was not increased. The increase in volatile acids 
suggests that the microbial mass was stimulated by additions 
of protozoa, and that the readily available carbohydrate 
present in alfalfa hay and the 50 percent alfalfa hay ration 
were used in preference to the less easily hydrolyzed cel­
lulose . 
To determine whether the stimulatory factor found in 
ciliate protozoa was a known nutrient or combination of nu­
trients that are required for cellulose digesting bacteria, 
regular medium, Table 1, was replaced with chemically de­
fined media described by Bryant and Robinson (l961b)that were 
modified by deleting casein hydrolysate. These media are as­
sumed to be nutritionally adequate for growing pure cultures 
of ruminai cellulose digesting bacteria. The results of this 
experiment are summarized in Tables 11 and 12. Addition of 
protozoa resulted in the usual increase in cellulose digestion 
with either the regular medium or the media assumed to be nu­
tritionally adequate. These results indicate that protozoa 
provide an additional factor or factors that are not included 
in the media that were studied. It would appear that protozoa 
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Table 11. Effect of anaerobic dilution medium and nutrition­
ally supplemented media upon iji vitro cellulose 
digestion 
Treatment Cellulose digestion % 
Bacteria^ 
10 ml. of regular medium + 10 ml. 11. -4 -b^ 10. 3 
10 ml. of regular medium + 10 ml. 
anaerobic dilution medium^ 
of 
9. 9 
20 ml. of 11-4-bb 25. 8 
Bacteria + protozoa^ 
10 ml. of regular medium + 10 ml. 11. -4 -b^ 39. 6 
10 ml, of regular medium + 10 ml. 
anaerobic dilution medium^ 
11. -4 _bb 
9. 3 
20 ml. of 11-4-b^ 39. 5 
^Bacteria collected from 2 liters of ruminai fluid were 
used to inoculate 1 liter of fermentation medium. 
^he composition of medium 11-4-b is given in Appendix, 
Table 20. 
^The composition of anaerobic dilution medium is given 
in Appendix, Table 20. 
^Ruminai protozoa were concentrated and washed and 0.6 
milliliter added to each fermentation tube containing 20 
milliliters of medium. 
Supply required factors without the nutrients supplied from 
the media of Bryant and Robinson (1961b). 
To characterize the factor or factors present in pro­
tozoa which consistently increased cellulose digestion, 
autoclaved protozoa were disrupted by using a French pressure 
press and centrifuged to provide a supernatant and sediment 
fraction. A portion of the supernatant was precipitated with 
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Table 12. Effect of nutritionally supplemented synthetic 
media upon iji vitro cellulose digestion 
Treatment Cellulose digestion % 
Bacteria^ 
regular medium 33.1 




20 ml. of 11-4-c^ 39.9 
20 ml. of 11-4-Cwb 52.0 
Bacteria + protozoa^ 
regular medium 69.9 




20 ml. of 11-4-c^ 52.5 
20 ml. of 11-4-c* 69.3 
^Bacteria collected from 2 liters of ruminai fluid were 
used to inoculate 1 liter of fermentation medium. 
^The composition of media 11-4-c and 11-4-0* is given 
in Appendix, Table 20. 
'-Ruminai protozoa were concentrated and washed and 0.6 
milliliter added to each fermentation tube containing 20 
milliliters of medium. 
50 percent ethanol by adding 95 percent ethanol dropwise at 
four degrees centigrade. The precipitate was removed by 
centrifugation. The results obtained by adding several 
fractions of protozoa are given in Tables 13 and 14. Using 
cellulose digestion with bacteria alone as the negative con­
trol and the addition of autoclaved protozoa to bacteria as 
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Table 13. Effect of protozoal fractions upon vitro 
cellulose digestion 
Treatment 
Cellulose digestion % 




















supernatant - ethanol precipitate 52.5 







^Bacteria collected from 2 liters of ruminai fluid were 
added to 1 liter of fermentation medium. 
^Fractions from 0.6 milliliter of concentrated and 
washed protozoa were added to 20 milliliters of nutrient 
medium containing bacteria. 
Table 14. Effect of ether extraction of autoclaved protozoa 
upon vitro cellulose digestion 
Treatment Cellulose digestion % 
Bacteria 20. 2 
Autoclaved protozoa . 67. 4 
Ether extract from autoclaved protozoa 10. 2 
Autoclaved protozoa following ether 
extraction 61. 0 
^Bacteria collected from 2 liters of ruminai fluid were 
added to 1 liter of fermentation medium. 
^Fractions from 0.6 milliliter of concentrated and 
washed protozoa were added to 20 milliliters of nutrient con­
taining bacteria. 
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the positive control, the supernatant, sediment and super­
natant minus the ethanol precipitate were approximately 70 
percent as active as an equivalent quantity of autoclaved 
protozoa, Table 13. The stimulatory activity remained in 
autoclaved protozoa which had been extracted with ether, 
Table 14. The stimulatory factor was not observed in pro­
tozoal ash, the alcohol precipitate from the supernatant or 
in the ether extract. 
To further characterize the stimulatory factor, an ex­
periment was conducted where bacteria and protozoa were 
separated by cellophane dialysis tubing which had an average 
pore size of eight angstroms. The results are summarized in 
Table 15. It was clear that protozoa need not be in direct 
contact with the bacterial fraction to promote a stimulatory 
response because when protozoa were separated from bacteria 
by dialysis tubing bacterial cellulose digestion was stimu­
lated from 34.4 percent to 49.5 percent. This was 60 percent 
of the response found when protozoa and bacteria were mixed 
together during the fermentation. This indicated the stimu­
latory factor was at least partly soluble in the fermentation 
solution, and that it passed through the cellophane dialysis 
membrane to exert its stimulatory effect. Prior to adding 
the concentrated protozoa either alone or across the dialysis 
msmbrane from bacteria, 300 milligrams of streptomycin were 
added per liter of saline wash solution to inhibit the activity 
of bacteria that may have been associated with the concentrated 
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Table 15. In vitro cellulose digestion with protozoa and 
bacteria separated by a dialysis membrane 
Cellulose digestion % 
First Second Average 
Treatment* expt. expt. 
Bacteria 36.4 32.4 34.4 
Medium 16.8 14.0 15.4 
Protozoa 24.5 10.7 17.6 
Medium 20.1 4.9 12.5 
Bacteria 51.2 47.7 49.5 
Protozoa 29.3 19.8 24.6 
Bacteria + protozoa 52.4 66.2 59.3 
Bacteria + protozoa 52.4 66.2 59.3 
*The treatments separated by the line ( ) were 
separated by dialysis membrane in the fermentation tubes. 
Table 16. Influence of protozoa upon in vitro cellulose di 
gestion at various times durTng the fermentation 
Fermentation in hours 
Treatment 12 16 24 
Cellulose digestion % 
Bacteria* 9.8 8.0 20.0 24.8 
Bacteria plus protozoa^ 18.9 31.4 53.5 66.4 
^Bacteria collected from 2 liters of ruminai fluid were 
added to 1 liter of fermentation medium. 
bRuminal protozoa were concentrated and washed and 0.6 
milliliter added to each fermentation tube containing 20 
milliliters of fermentation medium. 
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protozoa fraction. The high rate of cellulose digestion, 
12 and 15 percent, occurring in medium containing Solka floe 
across dialysis tubing from bacteria or protozoa alone could 
not be explained. Later experiments were conducted where no 
cellulose digestion occurred in fermentation tubes containing 
medium plus Solka Bloc and incubated for 24 hours. 
In order to determine the rate of cellulose disappear­
ance during a 24 hour fermentation, tubes containing bacteria 
alone and bacteria plus protozoa were removed 12, 16, 20 
and 24 hours after the start of the experiment. The results 
are summarized in Table 16. With tubes containing only bac­
teria eight percent cellulose digestion occurred during the 
first 16 hours of the fermentation, whereas, with protozoa 
and bacteria 18.9 percent cellulose digestion had occurred 
during the first 12 hours. The rate of cellulose hydrolysis 
following the lag phase was similar with bacteria and bac­
teria plus protozoa. These results suggest that the presence 
of protozoa reduced the lag phase for the system and thereby 
allowed a longer period for cellulose degradation to occur 
during the 24 hour fermentation. 
The stimulatory response observed by the addition of 
concentrated protozoa to in vitro bacterial fermentations 
has been measured by both cellulose digestion and volatile 
fatty acid production; however, no experimental data has 
been reported concerning the changes in viable bacteria during a 
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24 hour fermentation. The changes in viable bacterial num­
bers which occurred during the preparation of washed bac­
terial cells and during three 24 hour fermentations are sum­
marized in Table 17. Ruminai fluid which had been squeezed 
through four layers of cheesecloth from whole ruminai in-
o 
gesta contained 26.2 X 10 viable organisms per milliliter 
with a range from 15.6 X 10^ to 45.4 X 10^ viable organisms 
per milliliter. After preparing the bacterial inoculum by 
centrifuging ruminai fluid to remove feed particles and pro­
tozoa, collecting the bacterial inoculum by centrifuging the 
supernatant at 25,000 rpm, washing the inoculum in a 0.8 per­
cent sodium chloride solution and centrifuging at 25,000 rpm. 
Table 17. Effect of protozoa upon viable bacteria and cel­
lulose digestion during ijn vitro fermentation 
Viable bacteria/ml. (X 108) 
First Second Third Average 
Treatment expt. expt. expt. 
Ruminai fluid 15.6 45.4 17.6 26.2 
Bacteria^ 
0 hour 6.30 8.15 14.1 9.52 
12 hours 2.70 1.75 13.3 5.92 
24 hours 8.80 3.70 22.5 11.67 
Cellulose digestion % 60.1 3.3 47.8 37.1 
Bacteria plus protozoa^ 
0 hour — mm 8.36 12.3 10.33 
12 hours 5.35 4.05 25.0 11.47 
24 hours 14.50 9.90 32.4 18.93 
Cellulose digestion % 81.1 62.3 72 71.80 
^Bacteria collected from 2 liters of ruminai fluid were 
used to inoculate 1 liter of fermentation medium. 
luminal protozoa were concentrated and washed and 0.6 
milliliter added to each fermentation tube containing 20 
milliliters of medium. 
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viable bacterial numbers were reduced to 9.52 X 10^ which is 
20 percent of the number found in freshly collected rumen 
fluid. Since the addition of protozoa at the start of the 
fermentation did not increase the zero hour viable bacterial 
numbers it appears that measurable numbers of viable bacteria 
were not added with the concentrated protozoal fraction. With 
the bacterial fermentation viable bacterial numbers were 
further reduced to 5.92 X 10^ per milliliter at 12 hours and 
increased to 11.67 X 10^ per milliliter at the end of 24 
hours. Cellulose digestion at 24 hours was 37.1 percent for 
fermentation tubes containing bacteria alone. In the second 
experiment baçteria alone did not support cellulose digestion. 
In the second experiment viable bacterial numbers fell to 
g 
1.75 X 10 per milliliter at 12 hours and increased to 3.3 X 
O 
10 per milliliter at 24 hours. The results observed in the 
second experiment appear to be due to a tank of carbon di­
oxide gas which was found to be contaminated with substantial 
amounts of oxygen. By substituting for this takk of carbon 
dioxide gas one of known higher purity in the third experi­
ment, cellulose digestion was returned to a normal value of 
47.8 percent. 
The addition of protozoa increased cellulose digestion 
in the three experiments from an average of 37.1 to 71.8 
percent. Viable bacteria numbers were higher at 12 and 24 
hours when protozoa were added to the bacterial fermentation. 
The data from the present study indicate that protozoa exert 
53 
a favorable effect upon viable rumen bacteria during vitro 
fermentation, and furthermore, that results in an increase 
in cellulolytic bacteria as evidenced by increased cellulose 
digestion. These observations are contrary to in vivo data 
reported by Eadie and Hobson (1962) and Abou Akkada and 
El-Shazly (1964) in which viable bacteria numbers were re­
duced in faunated lambs compared with defaunated lambs. 
Dehority (1963) isolated in pure culture and characterized 
two strains of Bacteroides succinogenes and three strains of 
Ruminococcus flacefaciens from 24 hour vitro fermentations, 
showing that important rumen cellulolytic bacteria are viable 
during vitro fermentations. 
Cellulose digestion and viable bacteria numbers at vari­
ous times during the fermentation are compared in Figure 1. 
Increased cellulose digestion appeared to be a direct re­
flection of an increase in viable bacteria numbers. The in­
crease in cellulose digestion with the addition of protozoa 
appears to be due to a reduction in the lag phase. With the 
close correlation, +0.97, between cellulose digestion and 
total volatile fatty acid production, it appears that these 
three measurements, namely: (1) disappearance of a sole 
source of energy substrate, (2) production of end products 
of fermentation and (3) increased numbers of viable bacteria 
during the fermentation period are closely correlated; there­
fore, it appears that cellulose digestion and volatile fatty 
acid production are the result of bacterial viability. 
Figure 1. Changes in cellulose digestion and viable 
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Digestibility Studies with Paunated and 
Defaunated Lambs 
The summary of results from three digestibility trials 
comparing faunated and defaunated lambs is given in Table 18. 
When the ration consisted of 50 percent ground corn cobs, 
(comprising ration two in Table 2) at a constant intake of 
1 kilogram per lamb per day, there were no observed differ­
ences in dry matter and cellulose digestibility, or nitrogen 
utilization. Using a different group of lambs that were 
consuming 1.7 kilograms of the 50 percent ground alfalfa hay, 
(ration three in Table 2), digestibility coefficients were 
not significantly different. These results support data 
reported by Becker ejt (1929a) and Luther (1964), who com­
pared faunated and defaunated ruminants and found no differ­
ences in apparent digestibility coefficients. 
Lambs that had previously been on the 50 percent corn 
cob meal ration were shifted to a semi-purified ration, 
(ration three in Table 2). The six faunated and six de­
faunated lambs were randomly divided into two groups of three 
lambs per treatment. The treatment consisted of two levels 
of ration intake, 0.72 and 1.2 kilograms per head per day. 
As can be seen in Table 18 there were no significant differ­
ences in digestibility coefficients with faunated and de­
faunated lambs fed the low level of intake. At the higher 
level of intake the faunated lambs had higher digestibility 
coefficients than the defaunated group. These differences 
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Table 18. Effect of protozoa upon digestibility coefficients 
and viable bacterial counts in lambs 
Ration^ 
50% 50% 
corn cob alfalfa hay semi-purified 
Intake (grams/day) 
Faunated 
Dry matter digestion % 
Cellulose digestion % 




Dry matter digestion % 
Cellulose digestion % 
Nitrogen utilization % 
Viable bacteria/ml. 
(X 108)b 
1,000 1,700 1200 72 Q 
65.2 72.6 64. 0 65.9 
57.2 67.6 45.7 49.9 
64.4 73.7 61.8 63.4 
— — — 49.0 
— — — 
65.2 73.6 58.4 67.0 
56.5 68.2 32.3 47.4 
65.3 74.8 55.6 64.4 
— — — 77.0 - - -
a Composition of these three rations is given in Table 2 
liable bacterial counts were made upon pooled samples 
of ruminai fluid collected by stomach tube four hours after 
feeding. 
were not statistically significant because of the limited 
number of lambs used in the trial and the variability ob­
served within the treatment groups. It was observed that 
faunated lambs appeared to have better appetites than de-
faunated lambs. Ruf et £l. (1953) observed improved feed 
intake and liveweight gains in lambs when a semi-purified 
ration was supplemented with torula yeast. 
Viable bacteria counts were made upon pooled samples 
of ruminai fluid collected from faunated and defaunated 
lambs fed ration three (Table 2). As can be seen in Table 
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18, the defaunated lambs had 7.7 X 10 viable bacteria per 
milliliter compared with 4.9 X 10^ per milliliter for lambs 
harboring ciliate protozoa, which agrees with observations 
reported by Nottle (1956), Bryant and Small (I960) and Eadie 
and Hobson (1962). As pointed out above, there were no dif­
ferences in apparent digestibility of the 50 percent alfalfa 
hay ration between the faunated and defaunated lambs even 
though there were lower viable bacterial numbers in ruminai 
fluid from the faunated lambs. These results suggest that 
protozoa are active in ration digestion within the reticulo-
rumen or provide a factor or factors which stimulates the 
bacteria to compensate for the fewer numbers present in the 
reticulo-rumen of faunated lambs. Ciliate protozoa appear 
to be replaced with increased numbers of flagellated protozoa 
and Oscillospira spp. as reported by Eadie (1962a), Eadie and 
Hobson (1962) and Luther (1964). Luther (1964) also observed 
increased numbers of large and small selenomonads and sarcina. 
Effect of Defaunation of Lambs upon Growth 
and Carcass Finish 
Growth of faunated and defaunated lambs was compared 
during a 56 day finishing trial. Carcass measurements were 
taken at slaughter to estimate the degree of finish between 
the two groups of lambs. The results are summarized in 
Table 19. Faunated lambs gained significantly faster 
(P<0.05) and consumed significantly (P<0,05) more feed. 
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Table 19. Effect of faunation upon live animal performance 
and subsequent carcass finish of lambs 
Faunated Defaunated 
Number lambs per treatment 
Average initial wt. (Kg.) 
Average final wt. (Kg.) 
Average daily gain (Kg.) 
Average daily feed intake (Kg.) 
Feed efficiency 
Federal carcass grade 9 ch. 1 g. 1 pr. 6 ch. 3 g. 
Hot carcass wt. (Kg.) 
Chilled carcass wt. (Kg.) 
Percent carcass shrink 
Fat cover at the^lZth rib (cm) 













1,727 compared with 1,588 kilograms per head per day for 
the defaunated lambs. These results agree with those re­
ported by Christiansen £t £l. (1965) and Abou Akadda and El-
Shazly (1964). In the trial being reported here, increased 
rate of gain appeared to be a direct reflection of voluntary 
feed intake. The lambs harboring ciliate protozoa were 
easier to bring on feed and maintain on a high level of in­
take than the defaunated group during the course of the 
finishing experiment. 
Even though the faunated lambs grew faster during the fin­
ishing trial, this was not reflected in a heavier hot, or 24 
hour chilled, carcass weight at slaughter. Using the fat cover 
at the twelfth rib as criteria for carcass finish the car­
casses from defaunated lambs had significantly (P<0,05) 
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more finish than did the faunated lambs. This observation 
was not expected since Christiansen (1963), Luther (1964) 
and Abou Akkada and El-Shazly (1964) reported that ruminai 
fluid from faunated lambs had higher levels of volatile 
fatty acids and a lower ratio of acetate to propionate. These 
shifts in acid production are generally felt to provide a 
more efficient source of energy for the intermediary meta­
bolic system and result in fatter carcasses. 
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GENERAL DISCUSSION 
Results of these studies have demonstrated that a 
symbiotic relationship exists between ruminai protozoa and 
bacteria i^ vitro. Ciliate protozoa additions to i^ vitro 
bacterial fermentations were shown to increase volatile 
fatty acid production and cellulose digestion above values 
obtained with either group of microorganisms. Causes for 
increases in metabolic activity appeared to be due to in­
creased numbers of viable bacteria. Presence of protozoa 
in jji vitro bacterial fermentations helped bacteria to adjust 
to the new environment and to shorten the lag phase. Large 
differences in cellulose digestion and volatile fatty acid 
production measured at the end of fermentation with the addi­
tion of protozoa would appear to be the result of a reduced 
lag phase for the system. Addition of protozoa to vitro 
bacterial fermentations appears to directly affect the lag 
phase of the microbial mass by providing a factor or factors 
which more nearly meet environmental conditions required for 
initiation of exponential growth. 
Comparing mixed culture fermentations of these studies 
with a typical bacterial growth curve, it would appear that 
a 24 hour fermentation corresponds to the stage of logarithmic 
growth in the typical bacteria growth curve. The rapid rate 
of cellulose digestion occurring at 24 hours, which was found 
to be highly correlated with volatile fatty acid production 
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as well as with numbers of viable bacteria, suggests that at 
the end of a 24 hour vitro fermentation rumen bacteria 
are in a stage of logarithmic growth. Increase in cellulose 
digestion and volatile fatty acid production with addition 
of protozoa to bacterial fermentations appeared to be a di­
rect reflection of increased numbers of viable bacteria, 
since the generation time of viable bacteria was the same in 
the presence or absence of protozoa. 
The factor appears to be active in a medium assumed to 
be nutritionally adequate for culturing ruminai cellulolytic 
bacteria (Bryant and Robinson, 1961b), yeast extract, casein 
hydrolysate or a mixture of vitamin and biotin. Frac­
tionation studies indicate the active principle to be heat 
stable, soluble in water, soluble in 50 percent ethanol solu­
tion, organic in nature, and not volatile at pH 2.3 or soluble 
in ether. 
These findings are preliminary and there is need for 
further research to determine the actual growth factor or 
factors present in ciliate protozoa that reduce the lag phase 
in the mixed culture fermentations. It also appears import­
ant to determine whether there has been a shift in types of 
bacterial flora as a result of addition of protozoa to the 
in vitro system. It would seem logical that continuation 
studies using the roller tube technique of Bryant and Robinson 
(1961a) would provide a major part of this information. Prior 
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to conducting studies of this type the adequacy of the clari­
fied ruminai fluid used in the medium described by Bryant and 
Robinson (1961a)should be investigated. Clarified ruminai 
fluid is prepared by removing all feed particles and protozoa 
by centrifugation which is similar to the procedure described 
by Cheng ejt (1955). Results of this research revealed 
that protozoa may contain a bacterial stimulatory factor. If 
the stimulatory factor is required for growth of selected 
species of bacteria then it would be essential that adequate 
quantities of this factor be included in any medium used to 
enumerate bacteria. 
The relatively low correlation between digestibility 
coefficients obtained from jjn vitro and vivo experiments 
would appear to be due to the relatively low numbers of 
viable bacteria found at the start of ôji vitro fermentations, 
compared with a maximum cell concentration present in the 
reticulo-rumen at all times except for diurnal variation 
following feeding. Comparison of vitro microbiological 
activity during the logarithmic phase of the bacterial growth 
curve with vivo microbiological activity at the phase of 
maximum cell concentration may not be a valid comparison and 
might be a logical reason for the low correlation observed 
between the vivo and ^  vitro measurements. It is of 
interest to note that the vitro technique for forage 
evaluation described by Tilley and Terry (1963) in which a 
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higher ratio of ruminai fluid was added during a 48 hour 
incubation period has a relatively high correlation with the 
digestibility coefficients obtained by digestibility trials 
with animals. With this method, maximum cell concentration 
is established for a greater percentage of the fermentation 
period, similar to what is normally found in the intact rumen. 
The present ijo vitro techniques provide a sensitive and 
a relatively rapid estimate of substances that initiate 
bacterial growth because cellulose digestion and volatile 
fatty acid production appear to be measures of the total 
viable bacteria during exponential growth. The i^ vitro 
technique does not provide an estimate of the maximum cell 
concentration of the system which under certain conditions 
may be a better measurement of the nutrient requirements for 
rumen bacteria because in the rumen the microflora is es­
sentially at a maximum cell concentration at all times. 
Faunated lambs gained faster and ate more feed than de-
faunated controls which is in agreement with results reported 
by Christiansen et £l. (1965) and Abou Akkada and Bl-Shazly 
(1964), but differing from those reported by Badie (1962), 
Becker and Bverett (1930) and Pounden and Hibbs (1950). The 
faster gains with faunated lambs as compared with defaunated 
lambs appeared to be a result of increased feed intake by 
faunated lambs. Christiansen et al. (1965) observed that 
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faunated lambs had significantly higher feed efficiency than 
defaunated lambs; however, average feed consumption was con­
siderably lower for defaunated lambs when compared with faun­
ated lambs. 
When digestibility coefficients were calculated compar­
ing faunated and defaunated lambs, using natural rations, 
there were no differences in digestibility coefficients which 
was in agreement with data reported by Becker and Everett (1930) 
and Luther (1964). Using a semi-purified ration, dry matter 
and cellulose digestibility, and nitrogen utilization, were 
higher with lambs harboring ciliate protozoa. This was ob­
served when the average ration intake was 1.2 kilograms per 
head per day, but not at 0.72 kilograms per head per day. 
With the high level of intake, a higher proportion of undi­
gested ration was exposed to the lower gastro-intestinal 
tract due to a faster rate of passage. The effect that the 
lower gastro-intestinal tract would have upon apparent di­
gestibility was minimized because the semi-purified ration 
was relatively high in cellulose, which is not digestible in 
the lower digestive tract, therefore, apparent digestibility 
of dry matter and cellulose resulted in a more accurate es­
timate of microbial digestion. With the natural rations, a 
higher proportion of the nutrients could be digested in the 
lower gastro-intestinal tract thereby masking any differences 
in ration digestibility occurring in the rumen. 
Increases in flagellate protozoa and populations of the 
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"large" bacteria as reported by Becker and Everett (1930), 
Luther (1964) and Abou Akkada and El-Shazly (1964) as well as 
the total increase in viable bacteria as reported in this study, 
and by Nottle (1956), Bryant and Small (I960) and Eadie and 
Hobson (1962) may explain the failure to detect the differ­
ences in digestibility with faunated and defaunated lambs 
fed natural rations. These changes in microbial populations 
that replace the activities of ciliate protozoa in the rumen 
of defaunated animals may explain changes in concentration 
and molar ratios of volatile fatty acids which has been re­
ported by several workers. 
In addition to increasing vivo production of volatile 
fatty acids, protozoa exhibit other activities which might 
serve a useful purpose to their host, which results in 
slightly increased growth rates. It has been reported that 
they convert soluble sugars and polysaccharides into storage 
polysaccharides or amylopectin. Holotrichs convert up to 50 
percent of sugar to amylopectin, whereas, oligotrichs metabo­
lize and ingest feed material in the form of starch granules. 
By this process protozoa appear to remove large amounts of 
carbohydrates rapidly and store them as amylopectin. It is 
possible that in this way protozoa dampen out large fluctua­
tions in soluble carbohydrates following feeding and that 
when these stored polysaccharides are needed by the rest of 
the ruminai bacteria they are slowly released for their use. 
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Howard (1963) found that lactic acid production accounted 
for 50 percent of the carbohydrate fermented by holotrich 
protozoa, but only two percent with Bntodinium caudatum. On 
high starch rations, the majority of protozoa present in the 
rumen are Bntodinium spp. which could account for a dampening 
effect upon ruminai pH by reducing the concentration of lactic 
acid. Presence of protozoa in jjg. vivo and vitro fermenta­
tions has consistently increased the release of ammonia and 
raises a question of the beneficial effects protozoa may 
have in the metabolism of protein feeds. Excess ammonia 
produced in the rumen is absorbed through the ruminai wall 
into the blood stream, converted to urea in the liver and 
excreted via the urine. When rations are low in nitrogen 
the ruminant can recycle urea back into the rumen through 
the saliva (McDonald, 1948). The presence of protozoa which 
increase the concentration of ruminai ammonia may result in 
poorer utilization of ingested protein. Offsetting this pos­
sible detrimental effect, protozoal protein has been shown 
by McNaught ejt (1954) to be of higher nutritional value 
than bacterial protein. Hungate (1950a)has postulated that 
20 percent of the host's nitrogen requirement may be furnished 
by protozoa. 
In conclusion, this research has reemphasized the extreme 
complexity of the interrelationships between ruminai protozoa 
and bacteria. Not only do protozoa affect the host animal 
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by increasing the total amount and ratios of volatile fatty 
acids, by increasing the levels of ruminai ammonia and by 
reducing the number of viable ruminai bacteria, but, in addi­
tion, this research has demonstrated that protozoa provide a 
stimulatory factor or factors that are needed by ruminai 
bacteria for maximum metabolic activity during i^ vitro fer­
mentations. This increase in metabolic activity appears to 
be a direct result of increased numbers of viable ruminai 
bacteria during fermentation, due to a shortened bacterial 
lag phase. This suggests that im vitro studies using cellu­
lose digestion and volatile fatty acid production as measures 
of metabolic activity were primarily measurements of sub­
stances that shortened the bacterial lag phase of the ijn vitro 
system. Identification of these stimulatory factors that 
favorably affect the rumen microbial mass would provide an 
area of biological research requiring sound training in nu­
trition, biochemistry and microbiology in addition to a keen 




Interrelationships between bacteria and protozoa in 
rumen fermentation were investigated with vitro cellulose 
digestion techniques using washed suspensions of ruminai 
protozoa and bacteria, and with vivo digestibility and 
growth techniques using faunated and defaunated lambs. The 
addition of washed protozoa to nutrient medium inoculated 
with bacteria increased cellulose digestion (Solka Floe) by 
70 percent, volatile fatty acid production by 80 percent and 
viable bacteria 60 percent at the end of 24 hours of fermen­
tation as compared with bacteria alone. With the concentra­
tion of protozoa studied, the protozoa had very little cel-
lulolytic activity; however, the addition of bacteria with 
the protozoa increased cellulose digestion and volatile fatty 
acid production from 6.9 to 62.6 percent and 8.4 to 32.2 
micromoles per milliliter, respectively. Determination of 
the molar proportions of volatile fatty acids by gas chroma­
tography indicated that addition of protozoa to bacterial 
fermentations did not appreciably alter the proportions of 
acids produced with the exception that butyrate was signifi­
cantly increased. The addition of bacteria to protozoal 
fermentations resulted in a significant decrease in the molar 
proportions of acetate and butyrate and a significant in­
crease in propionate. 
Vitamins 3^2 sn.d biotin, hydrolyzed casein or a combina­
tion of these materials did not increase cellulose digestion 
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by ruminai bacteria; however, the addition of protozoa to 
the bacterial fermentation stimulated cellulose digestion 
in the presence of the B-vitamins and amino acids. The addi­
tion of yeast extract or the replacement of nutrient medium 
with chemically defined media developed for culturing cellu-
lolytic bacteria increased cellulose digestion by bacteria 
alone; however, addition of protozoa resulted in additional 
cellulose digestion in the presence of these materials. 
Seventy percent of the stimulatory activity of a viable pro­
tozoal preparation was retained after autoclaving. Fraction­
ation of autoclaved homogenized protozoa indicated the ac­
tive principle(s) to be soluble in water or 50 percent ethan-
ol, insoluble in absolute ether, heat stable and organic in 
nature and not to be steam distillable at pH 2.3. 
Autoclaved, cell-free ruminai fluid taken from faunated 
and defaunated lambs were equally stimulatory to bacterial 
fermentations. When alfalfa hay, or a 50 percent alfalfa 
hay ration replaced Solka Floe as the source of cellulose, 
additions of protozoa to in vitro bacterial fermentations did 
not stimulate cellulose digestion. 
Ruminai fluid collected from a fistulated steer four 
hours after feeding had an average of 26.2 X 10^ viable or­
ganisms per milliliter. Initial counts in three vitro 
studies averaged 9.52 X 10® per milliliter. The addition of 
a mixed culture of washed protozoa to the bacterial inoculum 
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did not increase these initial counts. Viable counts per 
milliliter were 5.92 X 10^ and 11.47 X 10^ at 12 hours and 
11.67 X 10® and 18.93 X 10® at 24 hours for bacterial and 
bacterial plus protozoal cultures, respectively. Cellulose 
digestion at 24 hours was 3 7 percent complete with the bac­
terial inoculum and 72 percent with the bacterial plus pro­
tozoal inoculum, indicating increased cellulose digestion 
was a result of increased numbers of viable bacteria. 
In vivo digestibility coefficients for dry matter, 
cellulose, and nitrogen, with faunated and defaunated lambs 
fed 1200 grams per day of a semi-purified ration were 58.3, 
30.1 and 55.6 percent respectively in the defaunated group 
and 64.0, 43.3 and 62.8 percent respectively in the faunated 
group. There were no differences between digestibility co­
efficients observed in faunated and defaunated lambs fed; 
720 grams per day of the semi-purified ration, a 50 percent 
corn cob ration, or a 50 percent ground alfalfa hay ration. 
Faunated lambs gained significantly faster and consumed 
significantly more feed than defaunated lambs consuming a 50 
percent alfalfa hay ration. There was no difference in feed 
efficiency between faunated and defaunated lambs. Viable 
bacterial counts made from pooled samples of ruminai fluid 
taken four hours after feeding were 4.9 X 10^ per milliliter 
from five faunated lambs, and 7.7 X 10*^ per milliliter from 
five defaunated lambs. Carcasses from the faunated lambs 
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had significantly less fat cover over the twelfth rib and 
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Artificial rumen technique with mixed cultures of rumen 
microorganisms (40 tubes) 
Laboratory preparation prior to collection of bacteria 
and protozoa : 
1. Assemble Sharpies centrifuge 
2. Turn on water bath regulated at 39 degrees centigrade 
3. Weigh out cellulose (Solka Floe BW - 40) for incuba­
tion tubes, the amount being 100 mg./20 ml. of nu­
trient medium (for one liter of medium weigh out 
5.9 grams) 
4. Warm nutrient medium described in Table 1 to 39 de­
grees centigrade 
5. Prewarm to 39 degrees centigrade one liter of saline 
solution containing 8 grams of NaCl/liter of dis­
tilled water for washing bacteria and protozoa 
6. Weigh out 3 grams maltose and 1,5 grams sucrose 
7. Prewarm phosphate buffer solution containing 1.059 
grams of Na2HP0^ and 0.436 grams of KHgPO^ per liter 
Collection of protozoa and bacteria; 
1. Collect protozoa and bacteria six hours after feed­
ing 
2. Collect protozoa using a suction strainer apparatus 
described by Raun and Burroughs (1962). Collect 
approximately three liters of fluid with 50 percent 
of the volume taken from the floor of the ruman and 
50 percent from the upper part of the ingesta. The 
ruminai liquid which is relatively free of solids is 
collected in a pre-heated insulated container 
3. Collect rumen bacteria from the top layer of ruminai 
ingesta 
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4. Strain ruminai contents through 4 layers of cheese­
cloth into a 3-liter insulated container containing 
2 liters of pre-warmed phosphate buffer until con­
tainer is full. Save strained pulp 
5. Weigh 2 pounds of pulp and resuspend into the phos­
phate buffer solution 
6. Strain this suspension through 4 layers of cheese­
cloth into the insulated container 
Separation and washing of bacteria and protozoa; (Car­
ried out at the same time) 
1. Strain the liquid collected for isolation of protozoa 
through 4 layers of cheesecloth into a 4 liter beaker 
2. Place beaker in water bath, put 3 grams of maltose 
and 1.5 grams sucrose into liquid and pass COg gas 
through liquid for 5 minutes to mix the sugars in 
the ruminai fluid. Remove 002 gas and allow feed 
particles to rise to the surface 
3. Centrifuge liquid collected for isolation of bacteria 
for 2 minutes at 2,000 rpm to remove the more dense 
feed particles and protozoa 
4. Filter supernatant through 8 layers of cheesecloth 
5. Centrifuge ruminai liquid through Sharpies centri­
fuge at 25,000 rpm to remove microorganisms 
6. While liquid containing bacteria is being centri-
fuged through Sharpies, scoop layer of feed parti­
cles off surface of liquid containing protozoa. De­
cant 2/3 of supernatant fluid into a beaker and place 
the beaker in a water bath until feed particles rise 
to the surface or settle to the bottom. The remain­
ing 1/3 of the liquid is placed in a separatory 
funnel until the protozoa settle to the bottom 
7. Collect sediment from the sides of Sharpies barrel 
(all but bottom inch) and suspend in pre-warmed 
saline solution containing 8 grams NaCl per liter 
of distilled water and mix in Waring blender for 
about 20 seconds (from Step 5). Add 500 ml. of the 
pre-warmed saline solution 
8. Pass cell suspension through Sharpies centrifuge 
running at 25,000 rpm to remove microorganisms 
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9. While bacterial medium is passing through Sharpies, 
draw off protozoa from bottom of separatory funnel 
into another separatory funnel containing 250 ml. 
of saline solution. Shake vigorously for one min­
ute and allow protozoa to settle to the bottom 
(from Step 6) 
10. Collect microorganisms from side of Sharpies centri­
fuge barrel and suspend in the basal medium and mix 
with Waring blender. Suspend previously weighed 
cellulose in basal medium by mixing with Waring 
blender. Mix suspended microorganisms and cellu­
lose and make volume to one liter. Warm the sus­
pension of microorganisms and cellulose in a water 
bath at 39 degrees centigrade for 10 minutes with OOg 
bubbling through the suspension 
11. Aspirate feed particles from top of liquid (from 
step 6). Centrifuge remaining liquid at 300 rpm 
in Servall angle centrifute for 2 minutes. Decant 
liquid, suspend remaining protozoa in 250 ml. pre-
warmed saline solution in 500 ml. erlenmeyer flask. 
Shake vigorously for 1 minute and centrifuge in 
Servall angle centrifuge at 300 rpm for 2 minutes. 
Decant liquid 
12. Combine 6 ml. of protozoa (from Step 11) and 6 ml. 
protozoa (from Step 9). Add the 12 ml. of mixed 
protozoa to the nutrient medium containing bacteria 
and cellulose. 
13. Adjust pH of suspension of cellulose and microor­
ganisms to 7 with saturated Na2C03 or HCl using a 
pH meter 
14. Keep the microorganisms and cellulose in suspension 
by means of magnetic stirrer and passing CO2 through 
the suspension 
15. Distribute 20 ml. aliquots in to 75 ml. pyrex centri­
fuge tubes 
16. Connect tubes to COg source and incubate in 39 de­
grees centigrade water bath for 20 hours 
17. At the end of the incubation period remove tubes 
from water bath and centrifuge at 2,000 rpm for 2 
minutes and decant off liquid 
86 
18. Add 12 ml. of 80 percent glacial acetic acid and 
1.5 ml. of concentrated nitric acid per tube and 
heat in boiling water bath for 20 minutes 
19. Collect the residue (cellulose) in a gooch crucible 
and wash with ethanol, dry, weigh, ash and weigh. 
Weight lost upon ashing equals amount cellulose 
remaining at the end of the 20 hour incubation 
period. By using 3 control tubes and making cellu­
lose determination at the start of the fermentation 
period the average amount of cellulose added per tube 
can be estimated. The control tubes are centri-
fuged, decanted and 12 ml. of glacial acetic acid 
are added at the start of the fermentation period and 
the tubes are set aside until the end of the fer­
mentation period. Nitric acid is added and the 
control tubes are processed with the other tubes as 
described in Step 18. 
Roller tube technique used for Enumeration of viable rumen 
bacteria (.Bryant and Robinson, 19611 
Equipment and glassware: 
1. One tank of carbon dioxide gas 
2. One tank of hydrogen gas 
3. One tank of nitrogen gas 
4. One copper reduction column with an electric heating 
element connected to an electrical reostat 
5. One incubator 
6. One Meeker burner 
7. One 45 degree centigrade water bath 
8. One hundred 1 milliliter serilogical pipettes with 
cotton plugs 
9. Fifty 10 milliliter serological pipettes with cotton 
plugs 
10. Five hundred 18 X 150 ram. glass test tubes fitted 
with rubber stoppers 
11. One hundred 13 X 100 mm. glass test tubes fitted 
with rubber stoppers 
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12. Twelve 500 milliliter round bottom flasks with 
rubber stoppers 
13. Six 300 milliliter round bottom flasks with rubber 
stoppers 
14. A supply of ^ inch diameter glass tubing 8 inches 
long with both ends stuffed with a cotton plug. 
Preparation of all new rubber stoppers: 
1. Autoclave in detergent water for 10 minutes at 15 psi 
2. Rinse in tap water 
3. Autoclave in 10 percent sodium hydroxide solution 
for 10 minutes at 15 psi 
4. Rinse in tap water 
5. Autoclave in tap water for 10 minutes at 15 psi 
6. Rinse in tap water 
7. Rinse in distilled water and dry. 
Preparation of solutions: 
A. Mineral solution number 1 
1. Add 600 milligrams of KgHPO^ in 100 milliliters 
of water 
2. Dispense into screw top bottles 
3. Autoclave at 15 psi for 15 minutes 
4. Cool and store in refrigerator until used. 
B. Mineral solution number 2 









2. Mix in the order given until dissolved 
3. Dispense in screw top bottles 
4. Autoclave at 15 psi for 15 minutes 
5. Cool and store in the refrigerator until used. 
C. Cysteine HCl solution, 2.5 percent 
1. Add 2.5 grams of cysteine.HCl per 100 milliliters 
of water into a 300 milliliter round botton flask 
2. Bring the solution to a boil under an atmosphere 
of oxygen free nitrogen and stopper 
3. Wire on the rubber stopper and autoclave at 15 
psi for 15 minutes 
4. Cool to 45 degree centigrade and pipette under ni­
trogen gas 4 milliliter quantities into previously 
sterilized and stoppered 13 X 100 mm test tubes 
and store at room temperature until used. 
D. Cysteine.HCl plus sodium sulfide solution, 2.5 percent 
1. Add 2.5 grams of cysteine.HCl per 100 milliliters 
of water and dissolve 
2. Add dropwise a 10 percent NaOH solution until the 
solution reaches pH 10 
3. Add 2.5 grams of NagS per 100 milliliters of solution 
4. Boil under oxygen free nitrogen in a 300 ml round 
bottom flask and stopper 
5. Wire on rubber stopper and autoclave at 15 psi for 
15 minutes 
6. Cool to 45 degrees centigrade and pipette under 
oxygen free nitrogen gas 6 milliliter quantities in­
to previously sterilized and stoppered 18 X 150 mm 
test tubes and store at room temperature until used. 
E. Na2C03 solution, 8 percent 
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1. Weigh out 24 grams of (ACS) anhydrous Na2CC% and 
dissolve in 250 milliliters of water 
2. Bring up to 300 milliliter volume in a 500 milli­
liter round bottom flask 
3. Bring to a boil under oxygen free nitrogen gas and 
stopper 
4. Wire on rubber stopper and autoclave at 15 psi for 
15 minutes 
5. Cool to 45 degrees centigrade and gas with OO2 
for 5 minutes 
6. Pipette under CC^ gas 15.2 milliliter quantities 
into previously sterilized and stoppered 18 X 150 mm 
test tubes and store at room temperature until used. 
F. Clarified ruminai fluid 
1. Collect whole ruminai fluid from a fistulated steer 
by straining ruminai ingesta through 4 layers of 
cheesecloth 
2. Centrifuge at 500 rpm for 3 minutes to remove feed 
particles and protozoa 
3. Boil the supernatant for 10 minutes and strain 
through 8 layers of cheesecloth 
4. Centrifuge at 25,000 rpm in a Servall centrifuge and 
collect the supernatant 
5. Autoclave the supernatant at 15 psi for 15 minutes 
6. Bubble with CO2 gas for 5 minutes and stopper 
7. Store in the refrigerator until used. 
G. Resazurin solution, 0.1 percent 
1. Add 100 milligrams per 100 ml. of water and dissolve 
2. Store at room temperature until used 
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Preparation of media; 
A. Anaerobic dilution medium 
Material 
Mineral solution number 1 
Mineral solution number 2 
Resazurin solution 
Water 
NagCO] 8% solution 









1. Place all materials except Na^Og and cysteine.HCl 
in a 500 milliliter round bottom flask, boil under 
COg gas and stopper 
2. Wire on rubber stopper and autoclave at 15 psi for 
15 minutes 
3. Cool to 45 degrees centigrade, add 8 percent Na2C% 
solution and mix 
4. Add 4 ml of cysteine.HCl solution and let COg gas 
bubble through the solution until the solution is 
light pink to colorless 
5. Pipette under COg gas 9 milliliter quantities of the 
solution into previously sterilized and stoppered 
18 X 150 mm test tubes 
6. Store in refrigerator until used. 







Mineral solution number 1 
Mineral solution number 2 
Water 
Clarified ruminai fluid 
solution 
Cysteine-HCl+Na2S solution 
Amount per 300 ml 












1. Add all materials to a 500 milliliter round bottom 
flask except the NagCO^ and cysteine.HCl plus NagS 
solutions and boil under COg gas and stopper 
2. Wire on rubber stopper and autoclave at 15 psi for 
15 minutes 
3. Cool to 45 degree centigrade and add 15 milliliters 
of Na2C03 solution and mix under CO2 gas 
4. Add 6 ml of 2.5 percent cysteine.HCl plus Na2S 
solution and bubble with COg gas until medium is 
clear 
5. Pipette under CO2 gas 9 milliliter quantities of 
the solution into previously sterilized and stoppered 
18 X 150 mm test tubes 
6. Store in refrigerator until used. 
Procedure for counting viable ruminai bacteria; 
1. To melt the ruminai fluid agar medium in tubes pre­
viously prepared place them in a boiling water bath 
for 10 minutes. The tubes should be placed in a 
wire basket equipped with a lid that securely holds 
the rubber stoppers in the tubes during the time in 
the water bath and for 30 minutes afterwards. 
2. Place the tubes in a 45 degree centigrade water bath 
until inoculated 
3. Collect bacteria containing sample from the rumen 
and immediately transport it to the laboratory under 
a CO2 gas atmosphere 
4. Using the 9 milliliter anaerobic dilution tubes 
serially dilute out the original sample under an 
atmosphere of CO2 gas using sterile techniques 
5. Inoculate the melted ruminai fluid agar medium by 
pipetting 1 milliliter of anaerobic dilution medium 
containing the bacteria to be counted under a CO2 gas 
atmosphere. Inoculate 5 tubes at each dilution 
6. Immediately following inoculation disperse the bac­
teria in the medium by gently inverting the tube 
several times, and place the tube horizontally under 
a cold water tap and rapidly roll the tube until a 
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thin film of ruminai fluid agar medium has solidi­
fied on the inside surface of the tube 
7. Place in an incubator with the temperature at 39 
degrees centigrade for 7 days 
8. By observing the tube under a bright light the 
colonies can be marked and counted. If a colony is 
doubtful confirmation can be quickly determined by 
observing the colony with a disecting microscope. 
The count for a dilution is the average of 5 tubes 
counted at that dilution. 
Table 20. Composition of complete media for cellulolytic 
ruminai bacteria^ 
Ingredient 
mg, per 100 ml 
Anaerobic di-
11-4-B 11-4-C 11-4-C^ lution medium 
300 
300 300 
90 90 90 90 
90 90 90 90 
90 90 90 
2 2 2 2 
2 2 2 2 
1 1 1 1 
0.1 0.1 0.1 0.1 









Na-isobutyrate 1.66 1.66 1.66 
Na-isovalerate 1.87 1.87 1.87 
Na-DL- methyl-N-butyrate 1.87 1.87 1.87 
Na-N-valerate 1.87 1.87 1.87 
Na^COg 400 400 400 400 
^Solutions of Na2C03, cysteine and vitamins were auto-
claved separately (5 minutes at 15 psi), equilibrated with 
OOo and added to the other ingredients of the media which 
had been adjusted to pH 6.5 with NaOH after they were auto-
claved (15 minutes at 15 psi). After adjusting the pH the 
media were kept under OO2 gas at all times. Na2S solution 
was autoclaved under N2 and added to tubed media prior to 
inoculation. 
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Table 20. (Continued) 
mg. per 100 ml 
Anaerobic di-
Ingredient 11-4-B 11-4-C 11-4-Cw lution medium 
Resazurin 0.1 0.1 0.1 
Cysteine. HCl. %o 50 50 50 
NagS.QHaO. ^ 50 50 50 
Pyridoxamine.2HC1 0.2 0.2 0.2 
Riboflavin 0.2 0.2 0.2 
Thiamine.HCl 0.2 0.2 0.2 
Nicotinamide 0.2 0.2 0.2 
Ca-D-pantothenate 0.2 0.2 0.2 
P-Aminobenzoic acid 0/01 0.01 0.01 
Folic acid 0.005 0.005 0.005 
Biotin 0.005 0.005 0.005 
Analysis of Variance Tables 
Table 21. Influence of protozoa concentration upon cellulose 
digestion when added to a constant level of 
bacteria 
Source of variation d.f. Mean square 
Total 71 
Trials 1 358.5 
Treatment 8 714.3 
linear 1 5288.1 
quadratic 1 363.9 
remainder 6 8.77 
Error 8 15.1 
Sûmples/treatments/trials 54 7.92 
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Table 22. Influence of protozoa concentration upon volatile 
fatty acid production when added to a constant 
level of bacteria 
Source of variation d.f. Mean square 
Total 17 
Trials 1 224.0 
Treatments 8 59.1 
linear 1 431.3 
quadratic 1 30.6 
remainder 6 1.85 
Error 8 2.49 
Table 23. Influence of protozoa concentration upon changes 
in the molar proportion of acetate when added to 
a constant level of bacteria 
Source of variation d.f. Mean square 
Total 17 
Treatments 8 13. 94 
Error 9 2. 74 
Table 24. Influence of protozoa concentration upon changes 
in the molar proportion of propionate when added 
to a constant level of bacteria 
Source of variation d.f. Mean square 
Total 17 
Trials 1 9.50 
Treatments 8 1.81 
Error 8 4.79 
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Table 25. Influence of protozoa concentration upon changes 
in the molar proportion of butyrate when added 
to a constant level of bacteria 
Source of variation d.f. Mean square 
Total 
Trials 1 8.81 
Treatments 8 9.16 
Error 8 0.818 
Table 26. Effect of concentration of bacteria upon cellulose 
digestion in the presence of protozoa 
Source of variation d.f. Mean square 
Total 59 
Trials 1 1404.5 
Treatments 4 6029.6 
linear 1 21808.0 
quadratic 1 2420 
remainder 2 71.3 
Error 4 90.9 
Samples/trials/treatments 50 11.55 
Table 27. Effect of concentration of bacteria upon volatile 
fatty acid production in the presence of protozoa 
Source of variation d.f. Mean square 
Total 9 
Trials 1 28.05 
Treatment 4 163.69 
Error 4 9.93 
96 
Table 28. Effect of concentration of bacteria upon the molar 
proportion of acetic acid in the presence of 
protozoa 












Table 29. Effect of concentration of bacteria upon the molar 
proportion of propionic acid in the presence of 
protozoa 












Table 30. Effect of concentration of bacteria upon the molar 
proportion of butyric acid in the presence of 
protozoa 
Source of variation d.f. Mean square 
Total 9 0.75 
Trials 1 28.92 
Treatments 4 4.63 
Error 4 
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Table 31. Effect of physical treatment of protozoa upon 
cellulose digestion 
Source of variation d.f. Mean square 
Total 29 
Trials 1 45.79 
Treatments 4 527.48 
Error 4 25.24 
Samples/trials/treatments 20 12.95 
Additions Means X-37.5 X-48.1 X-49.6 X-54.9 
Live protozoa 63.0 25.5® 14.9® 
Autoclaved protozoa 54.9 17.4® 6.8 
10 ml of ruminai fluid 49.6 12.1® 1.5 
Frozen and thawed 




'significantly different (P'CO.05). 
Table 32. Effect of protozoal volatile fatty acids upon 
cellulose digestion by bacteria 















Additions Means X-33.63 X-35.08 X-52.03 X-52.23 
Live protozoa 59. 50 25. 87® 24. 42® 7.47 7.27 
Autoclaved protozoa 52. 23 18. 60* 17. 15® .20 
Protozoa - VFA 52. 03 18. 40® 16, .95® 
Protozoal VFA 35. 08 1. 45 
33. 63 
®Significantly different (P<0.05). 
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Table 33. Effect of protozoa, hydrolyzed casein and B 
vitamins upon cellulose digestion 
Source of variation d.f. Mean square 
Total 47 
Trials 1 4.8 
Protozoa 1 5384.8 
B-vitamins 1 17.5 
Casein 1 62.1 
Protozoa X B-vitamins 1 0.1 
Protozoa X casein 1 32.6 
B-vitamins X casein 1 43.7 
Protozoa X B-vitamins X casein 1 102.3 
Error 7 56.4 
Samples within treatments 32 0.60 
Table 34. Effect of yeast extract upon in vitro cellulose 
digestion 
Source of variation d.f. Mean square 
Total 31 
Trials 1 5588.89 
Protozoa 1 1441.36 
Yeast 1 775.20 
Samples/trials/treatments 24 21.17 
Error 4 38.14 
Table 35. Effect of adding rumen fluid from faunated and 
defaunated lambs upon vitro cellulose digestion 
Source of variation d.f. Mean square 
Total 31 
Trials 1 1003.52 
Treatments 3 497.05 
Samples/trials/treatments 24 25.88 
Error 3 78.75 
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Table 36. Effect of protozoa upon vitro cellulose di­
gestion of alfalfa hay, a 50 percent alfalfa 
hay ration and Solka Floe as the substrate 
Source of variation d.f. Mean square 
Total 35 
Trials 1 367.3 
Treatments 5 887.66 
Samples/trials/treatments 24 48.97 
Error 5 34.74 
Additions Means X-34.62 X-49.00 X-52.43 X-55.05 X-57.25 
Protozoa + 
Solka Floe 72.08 37.08* 23.08* 19.65* 17.03* 14.83' 
50% alfalfa 
hay ration 57.25 22.63* 8.25 4.85 2.20 
Protozoa + 50% 
alfalfa hay 
ration 55.05 20.43* 6.05 2.62 
Protozoa + 
alfalfa hay 49.00 17.81* 3.43 
Solka Floe 34.62 
*Significantly different (P<C0.05). 
Table 37. Effect of protozoal fractions upon in vitro cellulose digestion 



















Additions Means X-31.3 X-32.2 X-35.1 X-41.5 X-43.6 X-43. 
Autoclaved protozoa 48.9 17.6* 16.7* 13.8* 7.4 5.3 5.1 
Sediment 43.8 12.5* 11.6* 8.7 2.3 0.2 
Supernatant 43.6 12.7* 11.8* 8.9 2.5 
Supernatant-protein precipitate 41.5 10.2 9.3 6.4 





Protein precipitate from 
supernatant 
31.3 
^Significantly different (P<0,05) 
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Table 38. Changes in vitro cellulose digestion when pro­
tozoa and bacteria were separated by a dialysis 
membrane during fermentation 















Additions means X-24.55 X-34.38 X-49.43 
Bacteria + protozoa 61.50 36.95* 27.12* 12.07 
Bacteria/protozoa 49.43 24.88* 15.05* 
Bacteria alone 34.38 9.83 
Protozoa/bacteria 24.55 
^Significantly different (P<C0.05). 
Table 39. Percent nitrogen utilization by faunated and de-
faunated lambs receiving a 50 percent ground 
corn cob ration 










Table 40. Percent cellulose digestion by faunated and de-
faunated lambs receiving a 50 percent ground 
corn cob ration 









Table 41. Percent dry matter digestion by faunated and de-
faunated lambs receiving a 50 percent ground corn 
cob ration 









Table 42, Percent nitrogen utilization by faunated and de-
faunated lambs receiving 1200 and 720 grams of a 
semi-purified ration per day 
















Table 43. Percent cellulose digestion by faunated and de-
faunated lambs receiving 1200 and 720 grams of a 
semi-purified ration per day 
Source of variation d.f. Mean square 
Total 11 
Protozoa 1 191.2 
Intake 1 279.37 
Protozoa X intake 1 88.02 
Error 8 111.78 
Table 44. Percent dry matter digestion by faunated and de-
faunated lambs receiving 1200 and 720 grams of a 
semi-purified ration per day 















Table 45. Percent nitrogen utilization by faunated and de-
faunated lambs receiving 1700 grams of a 50 percent 
alfalfa hay ration per day 
Source of variation d.f. Mean square 
Total 10 
Protozoa 1 3.3 
Error 9 8.23 
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Table 46. Percent cellulose digestion by faunated and de­
faunated lambs receiving 1700 grams of a 50 per­
cent alfalfa hay ration per day 
Source of variation d.f. Mean square 
Total 10 
Protozoa 1 1.04 
Error 9 1.55 
Table 47. Percent dry matter digestion by faunated and de­
faunated lambs receiving 1700 grams of a 50 per­
cent alfalfa hay ration per day 
Source of variation d.f. Mean square 
Total 10 
Protozoa 1 0.52 
Error 9 5.43 
Table 48. Growth rate of faunated and defaunated lambs during 
a 56 day finishing period 










Table 49. Feed efficiency of faunated and defaunated lambs 
during a 56 day finishing period 
Source of variation d.f. Mean square 
Total 19 
Protozoa 1 0.06 
Error 18 0.21 
Table 50. Feed intake of faunated and defaunated lambs 
during a 56 day finishing period 
Source of variation d.f. Mean square 
Total 19 
Protozoa 1 299.38 
Error 18 34.31 
Table 51. Fat cover at the twelfth rib of carcasses from 
faunated and defaunated lambs 
Source of variation d.f. Mean square 
Total 19 
Protozoa 1 0.01303 
Error 18 0.00256 
Table 52. Hot carcass shrink from faunated and defaunated 
lambs 
Source of variation d.f. Mean square 
Total 19 
Protozoa 1 0.242 
Error 18 0.114 
